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(57) Abstract: An analysis system has a sample region (1), a source of excitation radiation (3), and a wavelength-inspecific beam
splitter (13) to deliver some of the excitation radiation to a sample. A dispersion element (2023) disperses returned radiation from the
sample to be analysed that has been transmitted by the beam splitter. A selectively switchable micromirror device (2035) receives
returned radiation that has been dispersed by the dispersion element. A detector (2043) detects radiation that is received from the
switchable micromirror device. The switchable micromirror device removes at least a major part of residual excitation radiation
from the returned radiation that is passed to the detector. A method of quantifying target analyte(s) in a sample includes receiving
radiation from a sample region for each of a plurality of points along at least part of the length of the sample region, and delivering

at least some of the radiation to the detector.
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ANALYSIS SYSTEM AND METHOD
FIELD OF INVENTION

The present invention telates to an analysis system and method. The analysis system and method ate

preferably suitable for quantifying at least one analyte in a sample.
BACKGROUND

Samples are regularly analysed to determine the content of the samples. Conventional analysis systems

are generally useful for analysing orﬂy one or a small number of térgets in a single run.

Generally, the systems for quantifying multiple analytes tequire complex and/or expensive filtering
aﬁangements to detect different targets. For example, many such systems rely on dichroic beam
splitters to filter light of differing wavelengths to detect each target. The dichroic beam splittets are
expensive. Additionally, they operate over only a nartow wavelength range; dichroic beam splitters
generally change from reflective to transmissive over a2 wavelength range of about 20 nm. Accordingly,
if dichroic beam splitters are to be used to detect multiple wavelengths, multiple beam splitters ate
required. This results in technically complex and expensive systems. Long pass filters to block leakage

of incident radiation (Jaser light) may also be required.

It would be desirable to provide a system for analysing a sample that can accutately analyse the sample

and that does not require extensive use of expensive dichroic beam splitters and long pass filtets.

Thete are additional difficulties when there is 2 small amount of sample ot the concentration of the
analyte is low, particulatly when quantification of a particular analyte is desired. Conventional

technology used to achieve this goal includes microatrays, affinity chromatography and flow cytomettry.

Standard microarrays and affinity chromatography systems requite significant amounts of sample.
Whete sufficient level of sample or number of analytes is not available from the original sample, this
problem is typically overcome by biological amplification of the analyte(s) in question such as PCR and
RNA amplification. Amplification may distort the representation of different species in complex

mixtures. Additionally, amplification is only available fot analytes that can be amplified in a
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straightforward manner, such as mRNA, cDNA and genomic DNA. Other biologicél analytes of
interest, such as proteins, peptides, catbohydrates and lipids or non-biological analytes cannot be readily

amplified.

Flow cytometry also has its disadvantages. While this technique may be used on smaller levels of
analytes than standard microarrays and affinity chromatography systems; the labelled molecules in a
flow cytometry system have relatively short “dwell time™ in the detection “cell” where the fluotescent
entity is exposed to the excitation radiation. This means thetre is a much shotter time in which all

spectroscopic information on each analyte may be obtained and the system thetefore needs a stronger

signal.

- It would be desirable to provide a Sﬁrstem for quantifying one or more analyte(s) in a sample that does
not require biological amplification of the analyte, and that can analyse analytes in parallel in adequate

detail.

It is an object of at least preferred embodiments of the present invention to provide an analysis system
or method that are suitable for use in analysing a sample, quantifying an analyte in a sample, ot that at

least provides the public with a useful choice.
SUMMARY OF INVENTION

In a first aspect, the present invention broadly consists in an analysis system comptising:

a sample region for receipt of 2 sample to be analysed;

at least one source of excitation radiétion; and

a wavelength-inspecific beam splitter that operatively couples the soutce
of excitation radiation with the sample tegion to deliver some of the excitation radiation from the
source of excitation radiation to a sample to be analysed in the sam}éle region, the beam splitter
configured to receive returned radiation from a sample to be analysed in the sample region and to
transmit at least some of the returned radiation, wherein the returned radiation comprises residual
excitation radiation and radiation to be analysed; |

a dispersion element configured to disperse the returned radiation from the
sample to be analysed that has been transmitted by the beam splitter;

a selectively switchable micromitror device configured to receive returned

radiation that has been dispersed by the dispersion element; and



WO 2009/082242 PCT/NZ2008/000340

a detector to detect radiation that is received from the switchable
micromitrot device;
wherein the switchable micromirror device is configured to remove at least
a major part of the residual excitation radiation from the returned radiation that is passed to the

detector.

The system may comptise a single soutce of excitation tadiation. The single source of excitation
radiation may provide excitation radiation of only a single wavelength. Alternatively, the single source
of excitation radiation may provide excitation radiation over a range of wavelengths. Alternatively, the

system may comptise a plurality of soutces of excitation radiation. Preferably, the source(s) of
excitation radiation is/are a laser source. Preferably, the sources of excitation radiation comptise a
plurality of laser soutces, each of which is configured to provide an excitation radiation with a different
wavelength or a different wavelength band. Any other suitable source(s) of excitation radiation could

be used; for example mercury butnet(s), xenon discharge lamp(s), or narrow band LED(s).

The beam splitter is preferably configured to reflect excitation radiation to the sample region (and to a
sample therein). Preferably, the beam splitter is coﬁﬂgured to reflect only a small proportion of the
excitation radiation to the sample region (and to a sample therein), and allows the majority remainder of
the excitation radiation to pass through the beam splitter. Preferably, a surface of the beam splitter is
configured to reflect between about 5% and about 15% of the excitation radiation to the sample region
(and to a sample therein). Most preferably, the surface of the beam splitter is configured to reflect
about 10% of the incoming excitation tadiation to the sample region (and to a sample therein).
Preferably, at least a major patt of the returned radiation from the sample to be analysed that is
delivered to the beam splitter, passes thtough the surface of the beam splitter. Preferably, about 85 to
about 95% of the returned radiation that is delivered to the beam splitter passes through the sutface of
the beam splitter. Most preferably, about 90% of the returned radiation that is delivered to the beam

splitter, passes through the surface of the béam splitter.

The beam splitter may be made of any suitable material. In a preferred embodiment, the beam splitter
is made of a glass matetial, such as BK7 glass for example, which offers substantially. linear optical
transmission from about 2000 nm down to about 350 nm. The beam splitter could be made of any

othet suitable material, such as a different type of glass, or a plastic matetial for example.
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Preferably, the beam splitter is made of a matetial which offers substantially linear opﬁcal transmission
over a range of at least about 350 nm to about 800 nm, more preferably over a range of at least about

350 nm to about 1000 nm, most preferably over at a range of at least about 350 nm to about 1400 nm.

The sutface of the beam splitter that reflects the excitation radiation to the sample region may be 2
front surface of the beam splitter, and the beam splitter may also have a rear surface that reflects and

transmits in similar proportions to the front surface.

The beam splitter will preferably be configured so that excitation radiation being reflected by the rear
surface of the beam splitter toward the safnple region does not significantly interfere with the excitation
radiation being reflected by the front sutface of the beam splitter toward the sample region. As such,
the beam splitter will preferably be Eonﬁgured to have a sufficient dﬁckness, such as at least about 2
mm for example, to prevent or minimise interference. In a preferred form, the beam splitter has a
thickness of about 10 mm. Alternatively, the beam splitter may be sufficiently thin that the excitation
radiation being reflected is directed to the sample in the sample region. Ir_x ti'lat configuration, the
beam splitter preferably has a thickness of between about 60 and about 150 mictometers, mote

preferably between about 80 and about 100 micrometers.

The dispetsion element may be any suitable form that spatially disperses the returned radiation from
the sample to be analysed. For example, the dispetsion element could be a prism or a grating. Ina
preferred form, the dispersion element is a diffraction grating that spatially disperses the returned
radiation depending on the wavelengths or wavelength ranges within the returned radiation. Preferably,
the dispersion element is a concave holographic grating that receives the tetutned radiation and

disperses the returned radiation onto the SMD.

The switchable mictomirtor device (SMD) is preferably a digital nﬁcromﬁror device (DMD) or a digital
light processing (DLP) device. Preferably, the SMD has a plurality of columns of mictomitrors and a
plurality of rows of mictomitrors. The SMD is preferably arranged so that either each column or each
row of micromitrors, or a plurality of adjacent columns or rows of micromitrors, cotresponds to a
tespective wavelength or wavelength range of the returned radiation from the dispersion element.

Most prefetably, the SMD is arranged so that each column or a plurality of adjacent columns, of
mictomittors cotresponds to a respective wavelength or wavelength range of the returned radiation

from the dispersion element.



WO 2009/082242 PCT/NZ2008/000340

The SMD may be controlled by any suitable means, such as via a processing unit that is ptogramnged to
conttol the SMD. The dispersed returned radiation from the sample to be analysed is focussed onto
the SMD, and the SMD will be controlled to remove at least 2 major patt of the residual excitation
radiation from the returned radiation, so that little or no residual excitation radiation is passed to the
detect;ar. When the SMD is arranged so that each column, or plurality of adjacent columns, of
micromitrots cotresponds to a respective wavelength or wavelength range, at least a major part of the
residual excitation radiation can be removed from the radiation passed to the detector by turning one
ot mote columns of the SMD cotresponding to the residual excitation radiation line. The SMD may be
controlled so that the radiation to be analysed is passed to the detector a single column, or a plurality of
adjacent columns, at a time, so that radiation corresponding to a single wavelength or wavelength range
is paésed to the detector at a ime. However, the SMD may be controlled to remove only the residual
excitation radiation, and to ditect aﬂ of the radiation to be analysed to the detector at once. While that
configuration has broad applications, it is particulatly useful if the system is used with a sample that

photodegrades.
The system could comprise a plurality of SMDs if required in seties and/ ot in patallel.

As retutned radiation having different wavelengths will be deflected a differing amount by the
dispetsion element, the dispersion element may be able to be actively tutned to direct a different |
wavelength toward the SMD. Alternatively, the system may comprise a plurality of dispetsion elements
at different angles, to direct the returned wavelengths of the various angles toward the SMD. These
alternatives will only be required if the returned radiation to be analysed covers a sufficiently wide

wavelength range that it would not otherwise all be directed onto the SMD.

Preferably, the system comptises plurality of dispersion elements in a stack, with each dispersion

element otiented at a different angle telative to the other dispersion elements.

The system may comptise one ot miote suitable optical components between any of the other
components mentioned above. For example, the system may have one or more reflective and/or one
or-more refractive elements between any of the other components mentioned above. Additionally, one
ot mote optical fibres may be used between components to enable the components o be spaced

remotely from one another.
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The configuration of the system will be such that the dispersed returned radiation to be analysed 1s
focussed onto the SMD, ptefetably such that the wavelength(s) of returned radiation to be analysed

cotrespond to respective columns ot tows of micromirrors of the SMD.

In a preferted embodiment, the soutce of excitation radiation may be operatively coupled to the beam
splitter by a collimating lens. An optical fibre may direct excitation radiation from the source of
excitation radiation to the collimating lens, and the collimating lens will cause the diverging excitation
radiation that is exiting the optical fibre to become substantially parallel. A focusing lens may be
provided and will cause the substantially parallel excitation radiation to converge. Generally, the focus
of the focusing lens will be beyond the beam splitter. Preferably, the focusing lens and a microscope
section objective lens are configured to focus the excitation tadiation on the sample region; and the
beam splitter tutns some of the excitation radiation from the focusing lens to pass through the

mictoscope section objective lens.

If ﬁuhiple sources of excitation radiation ate provided, the excitation radiation from each of the
sources will preferably be delivered to the sample region by the wavelength-inspecific beam splitter.
The excitation radiation from the multiple sources could be delivered to the beam splitter by any
suitable mechanism. For example, where the soutces of excitation radiation ate a plurality of lasets in 2
laser bank, dichroic lenses could be provided in the laset bank to deliver the excitation radiation from

" the rnultiplé soutces into the system, via a single optical fibre for example. As an alternative example,
each source of excitation radiation could be operatively coupled to a tespective optical fibre, with the
plurality of optical fibres operatively coupled into 2 single optical fibre to feed the excitation radiation

from the multiple soutces to the beam splitter. Any other suitable configuration could be used.

The soutce(s) of excitation radiation will be configured to supply radiation at desired wavelength(s)
corresponding to fluorescence(s) of the analyte(s) to be detected. By way of example only, the
excitation radiation wavelength(s) may be within the range of about 400 nm to about 800 nm, possibly
within the range of about 400 nm to about 1000 nm, possibly within the range of about 400 nm to’
about 1400 nm. For example, the excitation radiation(s) may be one or more of 405 nm, 473 nm, 475

am, 532 nm, 593 nm, 633 nm, 635 nm, 650 nm, or 780 nm.

The returned radiation that passes through the beam splitter will generally be diverging, and 2 second
focusing lens will preferably be provided to cause the returned radiation to focus. In a preferred form,

the beam splitter and sample tegion ate part of a microscope section of the system; and the dispersion
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element, SMD, and detector are patt of a spectrometer section of the system. Prefer'ably,‘ the second
focusing lens is configured to focus the returned radiation into an entrance of the spectrometer section.
The entrance may be in the form of a pin hole or entrance slit. A mitror may be provided to direct the
returned radiation from the second focusing‘lens}to the entrance slit. The entrance slit of the

spectrometet section is preferably confocal with the sample region of the mictoscope section.

The microscope section will preferably comptise an objective lens between the beam splitter and the
sample region. The objective lens may be separated from the sample region by an air gap.
Alternatively, the objective lens could be coupled to the sample region by oil, to reduce the number of
reflective surfaces. The objective lens may be a magnifying lens, and could be provided with any
suitable magnification, such 10x, 60x, ot any other suitable magnification. The objective lens may be

adjustable or replaceable to adjust the magnification.

In an alternative embodiment, the apparatus may not comptise a microscope section, and instead the

beam splitter, focusing lens, and objective may be incorporated into the spectrometer section.

In one embodiment, the returned radiation will be diverging from the entrance slit, and is preferably
received by a collimating mirror to make the teturned radiation substantially parallel. The substantially
parallel returned tadiation is ditected by the collimating mitror to the dispersion element. Tn an
alternative embodiment, the‘ returned radiation passing through the entrance slit may propagate through

free space to a concave holographic grating.

The spatially dispetsed teturned radiation from the dispersion element is preferably directed to one ot
more mirrors, and a third focusing lens may be provided to focus that returned radiation onto the
SMD. One ot more mitrors may be provided between the third focusing lens and the SMD to direct

the returned radiation.

The radiation to be analysed from the SMD may be directed to one or more mitrors which deflect the
radiation to the detector. A focusing lens is preferably provided to focus the radiation to be analysed

onto the detector.

The detector and/or any intervening optical component(s) may be configured relative to the SMD so
that when a micromirror of the SMD is not tilted, returned radiation will be passed from that

micromitror to the detector. Alternatively the detector and/or any intervening optical component(s)
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may be configured relative to the SMD so that when a micromitrot of the SMD is tilted, returned

radiation will be passed from that mictomirror to the detectot.

A concave holographic grating could be provided and configuted to receive the radiation to be analysed
from the SMD and focus that onto the detector. That would operate in reverse to the holographic
. mitror that disperses that onto the SMD, such that the dispersed spectrum of radiation to be analysed

from the SMD is focussed onto a point detector.

The detector may be any suitable type, such as a charge-coupled device (CCD) for example. Other
suitable types of detector could be used. For example, an indium gallium arsenide (InGaAs) detector,
silicon detector, or a small photodetector (such as an avalanche photodiode) or point detector could be
used. The small photodetéctor or point detector may be suitable in a system having a concave

holographic grating that focuses the returned radiation to be analysed from the SMD onto the detector.

The system is preferably configured to determine from the radiation to be analysed that is received by
the detector, analysis data relating to the received radiation. The system is preferably configured to
determine from the radiation received by the detector, the quantity of one or more analytes ina sample.
The system is preferably configured to quantify at least five analytes in a sample from a single soutce of
excitation radiation. The system is preferably configured to quantify twenty analytes in a sample, from

four soutces of excitation radiation.

'The radiation to be analysed that is received by the detector will suitagly be deconvoluted ot
decomposed to provide analysis data relating to the received radiation. Fot example, the tadiation
received by the detector may be deconvoluted to quantify one or more analytes in a sample, where the
analytes are labelled directly or indirectly with fluorescence. The system will be provided with a
processing unit that is prografnmed to determine the quantity of one or more analytes, by providing the
desired deconvolution or decomposition, for example.

In a preferred embodiment, the processing unit will be programmed to enable the system to provide a
quantification measurement of at least one, prefetably at least two, preferably at least three, preferably
at least four, and mote preferably at least five, analytes in 2 sample from a single excitation radiation.
For exarﬁple, the system 1s preferably configuted to provide a qiuantiﬁcau'on measutement of up to five
analytes in a sample from a single laser line. When multiple sources of excitation radiation are

provided, the system is preferably configured to provide a quantification measurement of up to five
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analytes in a sample from each soutce of excitation radiation. Quantification of five analytes from each
soutce of excitation radiation is believed to be optimal; however, a greater or lesser number of analytes
could be quantified from each source of excitation radiation. As such, if four laser lines are provided,
the system is preferably configured to provide a quantification measurement of up to twenty analytes in
a sample, and so on. Mote than four laser lines could be used. When the bandwidth of excitory peaks
is sufficiently large, some fluorophores may be caused to fluoresce by more than one of the soutces of

excitation radiation.

The system is preferably configured to provide a quantification measurement of an analyte in the
sample, based on total intensity of the radiation to be analysed received by the detector at a wavelength

or wavelength tange, for a plurality of points in the sample region.

The system may have more than one detector. For example, the system may have two detectors, each
configured to receive radiation from respective portions of the SMD so that a plurality of wavelengths
or wavelength bands can be analysed concurrently, one per detector. That could enable the system to

operate mote rapidly and compactly than if a single detector is used.

The system is preferably configured to provide relative movement between the incoming excitation
radiation and the sample region, so that the excitation radiation can be directed to selected areas of the
sample region ot scanned along the sample region. Preferably, the sample region is selectively
moveable relative to the beam splitter, to enable the system to scan the excitation radiation over a
desited area of the sample. The sample region will suitably comprise a mototised stage that may be
controlled by a suitable controller to enable &e system to scan excitation regﬁon over a desired atea of

the sample.

The system could be used for any other suitable analysis.. By way of example, the system could be used
to detect analyte(s) in 2 sample. Preferably the system is used to quantify analyte(s) in a sample. The

- system is preferably used to quantify analyte(s) in the samiple by the method of the-third aspect below..

Alternatively, the system could be used for any suitable analysis. By way of example only, the system
could be used for Raman spectroscopy, to analyse the purity of a phatmaceutical composition for
example. By providing a pinhole in the system, the system could be used as a confocal microscope.
"The sample region will be configured according to the purpose the system will be used for and the type

of sample to be analysed.
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The analysis system may bé configured to provide a quantification measurement of an analyte in the
sample by comparing the total intensity of the radiation to be analysed received by the detector at a
wavelength or wavelength range, éorresponding to the analyte, to the total intensity of the radiation to
be analysed received by the detector at a wavelength or wavelength range corresponding to an analyte

of 2 known quantity.

Alternatively, the analysis system may be configured to provide a quantification measurement of an
analyte in the sample by compating the total intensity of the radiation to be analysed received by the
detector at a wavelength or wavelength range, cotresponding to the analyte to programmed factor(s)

telating to. the analyte.

In a second aspect, the present invention broadly consists in a method of analysing a sample,
comprising:

providing an analysis system of the first aspect above;

positioning the sample in the sample region;

delivering excitation radiation to the sample via the wavelength-inspecific beam
splitter to generate returned radiation comptising residual excitation radiation and radiation to be
analysed; ‘ . '

recetving dispersed returned radiation from the dispersion element on the
switchable micromirror device; and

operating the switchable micromirror device to remove at least 2 major part of the
residual excitation radiation from the returned radiation that is passed to the detector but to deliver at

least some of the radiation to be analysed to the detector.

With.respect to the first and second aspects of the present invention, the sample region tmay comprise
any suitable sample region, such as a microatray, an optically-transparent surface (e.g. cover-slip ot glass

slide), ot the sample region of the third aspect for example.

The sample may contain one or more target analyte(s). The target analyte(s) may be fluotescently-
labelled, where the ﬂ_uorescentlabels receive the excitation radiation and return at least some of that
radiation to the beam splitter. Whete no target analyte is present, thete will be no returned radiation at
the particular wavelength or wavelength range cotresponding to the fluotescence, and therefore a

“negative” result.
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Preferably, the sample contains one or mote target analyte(s), and the method comprises quanufymg
the target analyte(s) in the sample. Preferably, the sample contains five target analytes, and the method
comprises quantifying the five target analytes. Preferably, the sample contains twenty target analytes,

and the method comptises quantifying the twenty farget analytes.

The target analyte(s) in the sample may be labelled in any suitable way. Prefetably the target analytes

ate labelled as described with reference to the third aspect.

The method preferably comptises quantifying at least one target analyte 10 accordance with the third
aspect below. In alternative embodiments the method may be used for any suitable means, including

use in Raman spectroscopy.

The method may comptise quantifying an analyte in the sample by comparing the total intensity of the
radiation to be analysed received by the detector at a wavelength or wavelength range cotresponding to
the analyte, to the total intensity of the radiation to be analysed received by the detector at a wavelength

or wavelength range corresponding to an analyte of a known quantity.

The method may altetnatively comprise quantifying an analyte in the sample by compating the total
intensity of the radiation to be analysed received by the detector at a wavelength corresponding to the

analyte to programmed factot(s) relating to the analyte.

In a third aspect, the present invention broadly consists in a method of quanufymg at least one tatget
analyte in a sample, comptising: A

providing a sample region for receipt of a sample to be analysed, the sample region comprising-
a group of receptots along a length of the sample region that are directly or indirectly immobilised
telative to a surface of the sample region;

providing an analysis system comprising a detector;

providing a sample to be analysed;

passing the sample along the length of the sample region comprising receptors, whereby a
specific analyte in the sample, if any, binds to the receptors;

labelling the tatget analyte either before or aftet passing the sample along the length of the
sample region comprising receptors;

receiving. radiation from the sample region for each of a plurality of points
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along at least part of the length of the sample region or different patts of the sample region and
delivering at least some of the radiation to the detector; and

quantifying the target analyte in the sample, if any, from the radiation passed to the detectos.

Preferably, the group of receptors comprises a plurality of types of receptot, each type of receptor
being specific for a different target analyte, and at least two analytes are quantified. Preferably, the
group of receptors comprises at least three types of receptors specific for at least three target analytes
and at least three target analytes ate quantified. Preferably, the group of receptors compuises at least
four types of receptors for at least four target analytes and at least four target analytes are quantified.
Mote preferably, the gtoup of receptorsjcomprises at least five types of receptots specific for at least
five tatget analytes and at least five target analytes ate quantified. Most prefetably, the group of
receptors comprises at least twenty types of receptors specific for at least twenty target analytes and at

least twenty tatget analytes are quantified.

The plurality of types bf receptors may be substantially homogenously mixed along the length of the
sample region. Alternatively, the sample region may have separate distribution zones for each type of

teceptor along the length of the sample region.

The sample region is suitable for receipt of the sample while the method is performed. For example
the sample region may comprise any suitable chamber, such as a tube, capillary, column ot cuvette for
example. The chamber may be open at one ot both ends. A majority of the sample, other than the
analyte that has bound to the receptors, may pass through and exit the sample region. In the preferred
form, the sample region is a capillary tube hav‘ing a rectangular cross-section with a height of about 50
micrometers, a width of about 500 micrometers, and a length of about 10 mm. Alternativély, the tube
has a width of from about 1 micrometer to about 2 millimetres and a height of about 0.5 millimetres to
at least about 50. millimetres. Prefetably the column has a width of about 100 micrometres by 80
micrometres and a length of about 12 millimitres or 25 millimetres. The tube could have any other

suitable dimensions or configuration.
The sample region may be reusable or disposable.

The sample region may comprise a mattix comprising bound receptors. The sample region may

comprise a mattix of beads with bound receptors. The matrix maybe positioned in a receptacle for
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example. Preferably the beads are magnetic and are held in place by a magnet. Alterﬁatively, the matrix

may be retained in place by a porous substrate such as cotton wool ot nylon mesh.

The receptors may comptise any suitable chemical entity that will bind to the analyte such as probes,
ligands or antibodies, for example. The receptors may be specific for a target analyte. For example, the
receptots may be monoclonal antibodies or nucleic acid probes, preferably cDNA probes, that are
produced or selected for their specificity to bind to the tazget analyte. The receptots may alternatively
be streptavidin-coated molecules where biotin is attached to the target analyte or altetnatively the
teceptors may be biotin or molecules with biotin attached where the analyte is bound to streptavidin

and the receptors bind to the analyte through a streptavidin-biotin complex.
The receptors may be ditectly ot indirecdy immobilised on a sutface on the sample tegion.

Whete the receptors are directly immobilised on a sutface of the sample region, the sutface may be
inherently adsorbent for the receptors or may tequire chemical activation or modification. Whete
éhernical activation or modification is required, glass sutfaces may be treated with a range of silanising
reagents that introduce amino, catboxy, sulphydryl and other chemical groups that can be used to

. attach receptors.

Where the receptors are indirectly immobilised on a sutface of a sample region, this may be achieved
through any suitable method. In a preferred embodjméni;, beads which attach to the teceptots may be
attached to the surface of the sample region. The beads may be attached to a sutface of the sample
fegion before or after being attached to the receptors. The beads may be magnetic beads and attached
to a surface of the sample region using magnetic attraction, for example using a powerful permanent
magnet such as a neodymium magnet. Alternatively, the beads may be covalently attached to the

surface, or inditectly immobilised by a mattix such as the type described above for example.

The beads are preferably beads or microspheres with a diameter of between about 1 and about 100
micrometers, preferably, about 40 micrometers. More preferably the beads have a diameter of between
about 1 and about 30 micrometers, even more preferably the beads have a diameter of between about 1
and about 8 micrometers. Most preferably the beads are diamagnetic beads with a diameter of 1.05

micrometers or 5.91 micrometers. The beads within the sample region may range in size.



WO 2009/082242 PCT/NZ2008/000340
14

In another alternative the receptors ate on the sutface of beads or particles that ate uniformly packed

into the sample region.

The sample may be any biological or non-biological sample whete knowing the quantity of at least one
specific analyte is desited. When the sample is a biological sample, it may be human or non-human and
it may be selected from any biological material mncluding blood, saliva, semen, vaginal sectetion, utine,
faecal material, for example, ot cells including embryonic cells for example, ot ofgans ot parts of organs
for example, or mixtures theteof. Altetnatively the sample may be taken from soil, water ot air for

example.
The sample may contain one or mote target analytes to be quantified.

Preferably, the method of quantifying includes a pre-concentrating step, which concentrates target

analytes within the sample before analysing such analytes.

Preferably, the pre-concentrating step uses an ion exchanger to bind analytes. A concentrate is obtained
by releasing the bound analytes from the ion exchanger in a very small %rolu.me. For example, the

bound analyte may be released by changing the pH conditions of the environment in which the analyte
is bound. Alternatively, the bound analyte may be released by other methods such as increasing the salt

concentration of the envitonment in which the analyte is bound.

Preferably, the ion exchangers include cleavable linkers joining an ionic group to a solid suppott.
Preferably, the solid support is a bead. Preferably, the analyte is released from the ion exchanger by
cleavage of the linket. - '

Preferably, the method comprises analysing a sample to quantify one analyte in the sample. More
preferably, the method comprises analysing a sample to quantify each of sevetal analytes in the sample.
Preferably, the method comprises analysing a sample to quantify each of at least two, more preferably

at least five, and most preferably at least twenty analytes in a sample.

Prefetably the target analyte(s) is/ate protein(s), peptide(s), DNA, RNA, carbohydrates(s), lipid(s), or
mixtutes thereof. Where the sample is a biological sample, the analyte(s) may be one or more foreign

bodies such as a drug(s). More preferably, the target analyte is a protein, peptide or nucleic acid.
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The target analyte(s) in the sample may be labelled in any suitable way where the analysis system can

quantify the analyte(s) from information received from the labels.

For example, the target analyte(s) may be fluotescently labelled, labelled using chemically-driven light-
emitting systems that are non-fluorescent such as luciferases for example, or labelled using non- ‘
electromagnetic radiation such as magnetism. The target analyte may be labelled indirectly or directly.
Preferably, the target analyte is labelled with a labelled antibody. In alternative embodiments the target
analyte(s) may be enzymes or enzyme conjugates that genetate fluorescent ptoducts. For example the
fluorescent products may be aptamers such as DNA or RNA molecules that quench or unquench when

complementary DNA or RNA strands bind or the aptamer is folded or unfolded.

Most preferably the target analyte(s) are fluorescently labelled, where the fluorescent labels receive the
excitation radiation and return at least some of that radiation to the detector. Whete no target analyte is
present, there will be no returned radiation at the patticular wavelength or wavelength range

corresponding to the fluotescence, and therefore a “negative” result.

Preferably the fluorescent label comptises a fluorophore-receptor complex. The receptor of the
fluorophore-receptor complex may comprise any suitable chemical entity that will bind to the target
analyte(s) such as probes, ligands or antibodies for example. The receptors may be specific for a target
analyte. For example, the receptors may be monoclonal antibodies or nucleic acid probes that are
produced or selected for their specificity to bind to the target analyte. The receptors may alternatively
be streptavidin-coated molecules whete biotin is attached to the target analyte or alternatively the
teceptors may be biotin or molecules with biotin attached where the analyte is bound to streptavidin

and the receptors bind to the analyte through a streptavidin-biotin complex.

Whete the target analyte(s) is/ate labelled through a receptor such as a receptor-fluorophore complex,
the immobilised receptors ate primary receptors and the receptors of the ﬂuorophore—receptor

complexes are secondary receptors.

Primary receptors are generally bound to a surface whereas the secondary receptots ate generally”
soluble and bind to the analyte bound to the primaty receptor. The secondaty receptor may be directly
bound to a fluorophore. Alternatively, it may be indirectly bound. For example, a fluorophote-labelled
tertiaty receptor may bind to the secondary receptof to form a complex comprising a first receptor

bound to the sutface of the sample region, analyte, secondary teceptor and labelled‘tertiary receptot.
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This approach could for example use a first and a second antibody to each bind the énalyte. That
complex may then be subsequently labelled by addition of a third labelled antibody, the thitd antibody
being specific to bind the second antibody. The third antibody can be, for example, a goat or rabbit
fluorescent anti-mouse IgG. The use of different labelled antibodies specific for different secondary
antibodies allow's the quantification of different analytes in a sample and the different labels can be

measured.

Where the method involves quantification of mote than one target analyte, the method must allow for

different target analytes to be identified. This may be achieved in a number of ways.

In a preferred embodiment, the method may allow fot the quantification of different analytes where the
- labels are specific for target analyteé. Fot example, if the analytes are labelled through receptot-
fluotophore complexes, specific receptots may be attached to specific fluorophores. Whete the

. qqantity of two analytes is desired, a first group of receptors of a receptor type specific for the first
analyte is attached to fluorophotes that return radiation at a ﬁtst. wavelength or wavelength band and a
second group of receptors of a receptor type specific for the second analyte are attached to a second
group of fluorophortes that return radiation at a second wavelength or wavelength band. Where the
quantity of three analytes is desired, a first group of receptors of a receptor type specific for the first

. analyte is attached to fluorophores that teturn radiation at a first wavelength or wavelength band, a
second group of receptors of a receptor type specific for the second analyte are attached to a second
gtoup of fluorophores that return radiation at a second wavelength or wavelength band, and a third
group of receptots of a receptor type specific for the third analyte are attached to a third group of
ﬂuorophores that return radiation at a third W‘avelengdl or wavelength band, and so on. In this
embodiment the analysis system can distinguish between different analytes by deconvoluting the
tetutned radiation with reference to different wavelengths or wavelength bands each corresponding to a

patticular fluorescence that is associated with a particular analyte in the sample.

In an alternative embodiment, the immobilised receptots are specific for a tatget analyte and the
analysis system can detect the difference between different receptot types. For example, if the
receptors ate indirectly immobilised on a sutface of the sample region through beads, and the quantity
of two analytes is desired, then a group of receptors of a receptor type specific to the fitst analyte may
be attached to a group of beads of a fitst colour, and a group of receptors of a receptor type specific to
the second analyte may be attached to a group of beads of a second colour. Where the quantity of

three analytes is desired, the third group of receptots of a receptor type specific for the thitd analyte
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may be attached to a group of beads of a third colour, and so on. In this embodiment the analysis
system can distinguish between different analytes by deconvoluting or decomposing the spectrum of

the returned radiation with reference to the different groups of coloured beads.

Whete reference is made herein to groups of beads .of different colours, each bead of one group of -
beads may have the same colour, which is a spectrally different colour to each bead of another group. of
beads. Alternatively, each bead of one group may have a different combination of colouts to each bead

of another group.

In one embodiment, a combination of both immobilised receptors attached to colouted beads and
fluorophores of different wavelengths may be used to quantify a plurality of analytes in a sample. The
immobilised receptors and receptor-fluorophore complexes together have a certain level of specificity

that allows for a large number of different analytes to be quantified in the same sample.

The target analyte(s) may be labelled either before or aftet passing the sample along the length of the

sample region comptising receptots.

Where the tatget analyte(s) is/ate labelled before passing the sample along the length of the sample
region comprising receptors, labels may be added to the.sample and the sample allowed to incubate for
a petiod sufficient to ensure binding. When the target analyte(s) is/are labelled after the sample has
been passed along the length of the sample regioﬁ, the labels may be passed along the length of the

sample region with a flow rate that allows for the labels to bind to the target analyte.

The analysis system may be any suitable system that can provide an intensity for a particular wavelength -
that can be deconvoluted to quantify target analytes in a sample. Preferably the analysis system is the

analysis system of the fitst aspect as outlined above.

The analysis system may be any suitable system comprising a detector that can -be used to quantify the
tatget analyte in the sample. When the analyte(s) is/are labelled fluorescently, the analysis system
preferably comprises at least one source of excitation radiation. Preferably, the excitation radiation is
directed into the sample region in a ditection transverse to the length of the sample region comprising
receptors, and is moved along at least patt of the length of the sample region comptising receptors.
The excitation radiation may additionally be moved across at least patt of the width of the sample

tegion comprising receptots.  The detector receives at least some of the returned radiation.



WO 2009/082242 PCT/NZ2008/000340

18

In a prefetred embodiment, the amount of target analyte bound to the group of receptors generally
reduces along at least patt of the length of the sample region comprising receptots so that more target
analyte is bound to the sample region where the sample was administered than at the end opposite to
where the sample was administered due to the previous binding of the analyte to the receptors.
Accordingly, the intensity of returned radiation telating to the fluorescence of the analyte that is
delivered to the detector will generally reduce along the length of the sample region from the first end
as the number of unbound analyte(s) in the sample reduces due to binding with the immobilised
teceptors. Beyond a certain point, thete may be no binding, and the excitation radiation will not
generate any returned radiation. This creates an intensity profile that changes along the length of the
sample region, and this information can be used to quantify the level of analyte in the sample. Whete
the quantity of more than one analy.te is being analysed, different analytes may travel to different points

along the sample region through progressive exhaustion of binding sites by the analyte.

Thé method preferably comprises quantifying an analyte in the sample, based on total intensity of the
radiation to be analysed teceived by the detector at a wavelength or wavelength range, for a plurality of
points along the sample region. Preferably the method comprises quantifying a plurality of analytes in
the sample, based on total intensity of the radiation to be analysed received by the detector ata plurahty

- of wavelengths or wavelength ranges, for a plurality of points along the sample region.

The method may further comprise determining the concentration of one ot mote analyte(s) in a sample
by quantifying the analyte as described above, and subsequently determining the concentration with
teference to the volume of sample passed aloﬁg a length of the sample region.

The method may comprise quantifying an analyte in the sample by comparing the total mtensity of the
tadiation to be analysed received by the detector at a wavelength corresponding to the analyte to the
total intensity of the radiation to be analysed received by the detector at a wavelerigth or wavelength

range cortesponding to an analyte of a known quantity.

Alternatively, the method may comprise quantifying an analyte in the sample by comparing the total
intensity of the radiation to be analysed received by the detector at a wavelength corresponding to the

analyte to programmed factor(s) relating to the analyte.

In a fourth aspect, the ptesent invention broadly consists in an appatatus configured to petform the

method of the third aspect. -
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In a fifth aspect, the invention broadly consists in an apparatus configured to quantify two ot more
. target analytes in a sample. Preferably the tatget analytes are protein(s), peptide(s), DNA, RNA,
catbohydrate(s), lipid(s), or mixtures thereof. Preferably the apparatus is the apparatus of the first
aspect and is configured to carry out the method of the third aspect.

The invention consists in the foregoing and also envisages constructions of which the following gives

examples only.
BRIEF DESCRIPTION OF DRAWINGS

Preferred embodiments of the presént mnvention will now be desctibed by way of éxample only and
. with reference to the accompanying drawings in which:
Figute 1 shows a schematic view of a microscope section of a preferred embodiment analysis
system;
Figure 2 shows a schematic view of a spectrometer section of the preferred embodiment
analysis system; .
Figute 3 shows a schematic view of a preferred embodiment method for quantifying analyte in
a sarnple;- |
Figute 4 shows a schematic view of a sample region being used in a preferred embodiment
method of quantifying analyte in a sample; |
Figure 5 shows a schematic view of the sample region when used to quantify analyte in the
vs'arnple; ‘
Figute 6a shows an example plot of intensity versus wavelength at point 101a of the sample
regioﬁ;
Figure 6b shows an example plot of intensity versus wavelength at point 101b of the sample
region;
Figure 7a shows an example plot of intensity versus point along the sample region for a target
-analyte, with this data having been extracted from the data of Figures 6a and 6b;
Figute 7b shows an example plot of intensity versus point along and across the
sample region for a wavelength or wavelength band corresponding to a target analyte;
Figure 8a shows a schematic plan view of part of an alternative preferred form system that

includes a plurality of dispersion elements;
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Figure 8b shows an example of the excitation radiation that may be received By the SMD with
the dispersion element configuration of Figure 8a;

Figure 9 shows a plot of radiation intensity for Experiment 1;

Figute 10 shows results from Experiment 2 at one position along the sample region;

Figure 11 shows relative signal strengths for different beads along the sample region;

Figute 12 shows a schematic view of an alternative spéctrometer section for an alternative
preferred embodiment spectrometer section; |

Figures 13a to 13f show intensity plots for a 0.25uL aliquot of a 150 uM stock of fluorescein
made up to 10uL. Each plot shows the intensity at a different interval 0.5mm along the length of a tube
prepared according to example 3, starting at the end of the tube where the sample was added;

Figures 14a to 14e show intensity plots for a 0.5uL aliquot of a 150 uM stock of fluorescein
~ made up to 10uL. Each plot shows the intensity at a different interval 0.5mm along the length of a
 tube prepared according to example 3, statting at the end of the tube where the sample was added;

‘ Figures 15a to 15g show intensity plots for a 0.75uL aliquot of a 150 uM stock of fluorescein
made up to 10uL. Each plot shows the intensity at a different interval 0.5mm along the length of a tube
prepated according to example 3, statting at the end of the tube whete the sample was added;

Figures 16a to 16h show intensity plots for a 1uL aliquot of 2 150 uM stock of fluorescein
made up to 10uL. Each plot shows the intensity a;t a different interval 0.5mm along the length of a tube
prepated according to ‘example 3, starting at the end of the tube where the sample was added;

Figures 17a to 17k show intensity plots for a 2uL aliquot of a 150 uM stock of fluorescein made
up to 10uL. Each plot shows the intensity at a different interval 0.5mm along the length of a tube
prepared according to example 3, starting at the end of the tube where the sample was added;

’ Figures 18a to 18p show intensity plofs for a 3pL aliquot of a 150 pM stock of fluorescein
made up to 10uL. Each plot shows the intensity at a different interval 0.5mm along the length of 2 tube
prepared according to example 3, starting at the end of the tube whete the sample was added; ,

Figures 192 to 19p show intensity plots for a 10uL aliquot of a 150 M stock of fluorescein.
Each plot shows the intensity at a diffetent interval 0.5mm along the length of a tube prepared
accbrding to example 3, starting at the end of the tube whete the sample was added;

Figute 20 shows a plot showing the intensity of each plot labelled 13a to 13f from each 0.5 mm
interval at a wavelength of 508.4 nm;

Figure 21 shows a plot showing the intensity of each plot labelled 14a to 14e from each 0.5
mm interval at a wavelength of 508.4 nm;

Figure 22 shows a plot showing the intensity of each plot labelled 15a to 15g from each 0.5 mm

interval at a wavelength of 508.4 nm;
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Figure 23 shows a plot showing the intensity of each plot labelled 16a to 16h from each 0.5 mm
interval at a wavelength of 508.4 nm;

Figutre 24 shows a plot showing the intensity of each plot labelled 17a to 17k from each 0.5 mm
interval at a wavelength of 508.4 nm; | |

Figure 25 shows 2 plot showing the intensity of each plot labelled 18a to 18p from each 0.5 mm
interval at a wavelength of 508.4 nm;

Figure 26 shows a plot showing the intensity of each plot labelled 19a to 19p from each 0.5 mm
interval at a wavelength of 508.4 nm;

Figure 27 shows a plot where the area under the cutve in each plot shown in Figures 20 to 26

has been measured and is plotted intensity against concentration in pmoles.
DETAILED DESCRIPTION OF PREFERRED EMBODIMENT
Definitions

It is intended that reference to a range of numbers disclosed herein (for example, 1 to 10) also
incorporates reference to all rational numbers within that range (for example, 1, 1.1,2,3,3.9,4, 5, 6,
6.5,7, 8,9 and 10) and also any range of rational numbers within that range (for example, 2 to 8, 1.5 to
5.5 and 3.1 to 4.7) and, therefore, all sub-ranges of all ranges expressly disclosed herein are hereby
expressly disclosed. These are only examples of what is specifically intended and all possible
combinations of numerical values between the lowest value and the highest value enumetated are to be

considered to be expressly stated in this application in a similar manner.

The term “comprising” as used in this specification means “consisting at least in part of . When
interpreting each statement in this specification that includes the tetm “comprising”, features other
than that or those prefaced by the term may also be present. Related terms such as “corﬁprise” and
“comprises” ate to be intetpreted in the same manner.

As used herein, a “wavelength-inspecific beam splitter” is a beam splitter that does not differentiate
over a range of wavelengths of excitation radiation or returned radiation to be used in the system. That
1s, the proportions of the excitation radiation or returned radiation that are reflected and transmitted
will not vary significantly over a range of wavelengths of excitation radiation or returned radiation to be
used in the system. Preferably, the configuration of the wavelength-inspecific beam splitter is such that

the proportions of the excitation radiation or returned radiation that are reflected and transmitted will
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not vary significantly over a wavelength range of at least about 350 nm to about 800 nm. In an
exemplary embodiment, the proportions of the excitation radiation ot returned radiation that are
reflected and transmitted will not vary significantly over a wavelength range of at least about 350 nm to
about 1000 nm, and in an alternative exemplary embodiment over at least about 350 nm to about 1400

nm.
Preferred Embodiments

Figutes 1 and 2 show patts of a preferred embodiment analysis system. The analysis system comprises
a preferred embodiment microscope section shown in Figure 1, and a preferred embodiment

spectrometer section shown in Figure 2.

Referring to Figure 1, the microscope section comprises a sample region 1 for receipt of a sample to be
analysed. The sample region may be any sample region that is suitable for holding the sample while
enéblfng the desited analysis to be cartied out on the sample. For example, the sample region may
comptise a microarray, an optically-transpatent surface (e.g. cover-slip or glass slide), or the sample

region described below with refetence to Figures 3 and 4.

The microscope section has at least one source of excitation radiation 3. In the form shown, a single
source of excitation radiation is shown, and can be ;a.ny suitable type such as a laser that directs laser
light into the system for example. The single soutce of excitation radiation may provide excitation
tadiation of only a single wavelength. Alternatively, the single soutce of excitation radiation may
provide excitation radiation over a range of wavelengths, which may be used to detect one or mote
wavelengths, depending on the excitation properties of analytes in the sample. Preferably, the

excitation radiation is visible ot non-visible light.

In an alternative form, the system may comprise a plurality of soutces of excitation radiation. Bach of
the sources of excitation radiation may be a laser soutce for example. Any othet suitable source(s) of
excitation radiation could be used; for example mercury burner(s), xenon dischatge lamp(s), or natrow
band LED(s). Each of the soutces may be configured to provide an excitation radiation with a
different wavelength or a different band of wavelengths, so that the system is suitable for detecting

multiple analytes in the sample.
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"The soutce of excitation radiation 3 is coupled to a beam splitter 13 by a collimating lens 7. An optical
fibre 5 directs excitation radiation from the soutce of excitation radiation to the collimating lens 7, and
the collimating lens causes the diverging excitation radiation that is exiting the optical fibte to become
parallel as shown to the left of the lens 7 in the figure, and directs that excitation radiation through a
field itis 9. The field iris restticts the area of incoming radiation. A focusing lens 11 receives the
substantially paralle] excitation radiation and causes that to converge, and directs that towards the

wavelength-inspecific beam splitter 13.

The wavelength-inspecific beam splitter 13 couples the soutce of excitation radiation 3 with the sample
region 1 to deliver some of the excitation radiation from the source of excitation radiation to a sample

to be analysed in the sample region.

The microscope section comprises an objective lens 14 between the beam splitter 13 and the sample
region 1. The objective lens may be separated from the sample region by an air gap. Altetnatively, the
ijective lens could be coupled to the sample region by oil, water, ot some other liquid, to reduce the
number of reflective surfaces. The objective lens may be a magnifying lens, and could be pfovided with
any suitable magnification, such as 1.5x, 4x, 10x, 60x, or any other suitable magniﬁcau'on; The

objective lens may be adjustable or replaceable to adjust the magnification.

The configuration of the wavelength-inspecific beam splitter is such that the proportions of the
excitation radiation or returned radiation from the sample tegion that ate reflected and transmitted will
not vary significantly over a Wévelength range of at least about 350 nm to about 800 nm. In an
exemplaty form, the proportions of the excitaﬁon radiation or returned radiation that are reflected and
transmitted will not vaty significantly over a wavelength range of at least about 350 nm to about 1000

nm, and in an alternative exemplaty form over at least about 350 nm to about 1400 nm.

The beam splitter 13 is configured to reflect excitation radiation to the sample region, as shown in
Figure 1. The focus F of the focusing lens 11 is beyond the beam splitter 13. The focusing lens 11 and
objective lens 14 are configured to focus the excitation radiation on the sample region 1, and the beam
splitter 13 turns some of the excitation radiation from the focusing lens to pass through the microscope
section objective lens. The beam splitter is configured to reflect only a small proportion of the
excitation radiation to the sample in the sample region, and allows the remainder of the excitation
radiation to pass through the beam splitter. As can be seen from Figure 1, incoming excitation

radiation is reflected from the front surface 132 of the beam splitter, to the section 1a of the sample
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region catrying the sample to be analysed. The beam splitter 1s configured such that its front surface
teflects between about 5% and about 15% of the excitation radiation to the sample region (and to 2
sample therein), and more preferably about 10% of the incoming excitation radiation to the sample

region (and to a sample therein).

The majority remainder of the incoming excitation radiation will pass through the front surface 13a of
the beam splitter. About the same ptopottion as is reflected by the front surface will reflect off the rear
sutface 13b of the beam splitter, and will impact on another section 1b of the sample region. The beam
splitter is configured so that excitation radiation being reflected by the rear surface 13b of the beam
splitter toward the sample region does not interfere with the excitation radiation being reflected by the
front sutface 13a of the beam splitter toward the sample region. The beam splitter is configured to
 have a sufficient thickness, such as at least about 2 mm for example, to prevent or minimise
interference. In the preferred form, the beam splitter has a thickness of about 10 mm. Alternatively,
the beam splitter may be sufficiently thin that the beams from the back and the front surfaces are both- -
directed to the sample in the sample tegion. In that configuration, the beam splitter preferably has a
thickness of between about 60 and about 150 mictometets, more preferably between about 80 and

about 100 micrometets.

~ The majotity of the excitation radiation will pass straight through the beam splitter, and will not be
directed to the sample region. In the preferred form, about 90% of the incoming excitation radiation
passes through the front surface of the beam splitter, and about 81% of the incoming excitation

radiation passes through the rear surface of the beam splitter and is not reflected to the sample region.

The beam splitter can be made of any suitable material. In a preferred embodiment, the beam splitter is
made of a glass material, such as BK7 glass for example, which offers substantially linear optical
transmission down to about 350 nm from about 2000 nm. The beam splitter could be made of any
other suitable material, such as a different type of glass, or a plastic material for example.

\ (
The system is preferably configured to provide relative movement between the incoming excitation
radiation and the sample region 1, so that the excitation radiation can be directed to selected areas of
the sample region or scanned along the sample region. The sample region 1 may be selectively
moveable relative to the beam splitter 13, to enable the system to scan the excitation radiation over a
desited area of the sample. The sample region will suitably comprise a mototised stage that may be |

controlled by a suitable controllet to enable the system to scan excitation radiation over a desired atea
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of the sample. The sample region may be movable in one, two, ot three dimensions. In a prefetred
embodiment, the sample region is cattied by a Mad City Labs MicroStage-5E mictometer X-Y stage
that is controlled by Labview control software. The stage provides for fine positioning of samples,
with better than 1 um accuracy. The stage is incorporated into an Olympus inverted fluorescence
microscope. The objective lens 14 used in the prefetrted embodiment has a x20 magnification, and is
an oil immersion objective. The. wavelength-inspecific beam splitter 13, laser bank 3 (with 473, 593,

532, 635 nm lasers), a 100 mictometer optical fibre 5, and turning/steering mirror 17 have been added.

The beam splitter 13 is also configured to receive returned radiation from a sample to be analysed in
the sample region 1 and to transmit at least some of the returned radiation. The returned radiation
comprises residual excitation radiation (such as the bright laser line from the laser source) and radiation
to be analysed. At least 2 major part of the returned radiation from the sample to be analysed that is
delivered to the beam splittet, passes through the beam splitter. Preferably, about 85% to about 95%
of the returned radiation that is deliveted to the beam splitter, passes through the beam splitter. Most
preferably, about 90% of the returned radiation that is delivered to the beam splitter, passes through

the beam splittet.

The returned radiation that passes through the beam splitter is generally diverging, and a second

- focusing lens 15 is provided to cause the returned radiation to focus. The returned radiation from the
second focusing lens is received by a mirror 17, that directs the returned radiation from the second
focusing lens into an entrance 19 of the spectrometer section. The entrance 19 may be an entrance slit
or a pin hole entrance. The entrance slit of the spectrometet section is preferably confocal with the
sample region 1 of the mictoscope section. The second focusmg lens is conﬁgured to focus the -

returned radiation into the entrance slit or a pin hole entrance

Turning now to Figure 2, the retutned radiation is initially diverging from the entrance slit ot pin hole
19 of the spectrometer section, and is received by a collimating mitror 21 to make the returned
radiation substantially parallel. The substantially parallel returned radiation is directed by the

collimating mitror 21 to a dispersion element 23.

The dispersion element 23 is configured to disperse the returned radiation from the sample to be |
analysed that has been transmitted by the beam splitter 13, The dispersion element 23 is any suitable
form that spatially disperses the returned radiation from the sample to be analysed. For example, the

dispetsion element could be a ptism ot a grating. In the prefetted form shown in Figure 2, the
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dispersion element 23 is a diffraction grating that spatially disperses the retutned radiation depending

on the wavelengths or wavelength ranges within the returned radiation.

The spatially dispersed returned radiation from the dispersion element 23 is directed to one ot more
mittors, and, in the embodiment shown, initially to a plane mitror 25 and then to a further plane mirror
27. A third focusing lens 29 1s p;:ovided to focus that dispersed returned radiation onto at least one
selectively switchable micromitror device (SMD) 35. One or more mitrors may be provided between
the third focusing lens 29 and the SMD 35 to direct the returned radiation as requited. In the form
shown, the dispersed returned radiation is directed from the third focusing lens 29 to a further plane

_ mittor 31, and to a further plane mirror 33, and then to the SMD 35. The dispersed retutned radiation
from the sample to be analysed is focussed onto the SMD. Preferably, the configuration of the system -
will be such that the dispersed returned radiation to be analysed is focussed onto the SMD so that the
wavelength(s) of returned radiation to be analysed cotrespond to respective columné ot rows of

-

micromirrors of the SMD.

As teturned radiation having different wavelengths will be deflected a differing amount by the
dispersion element, the dispetsion element may be able to be actively turned or rotated to direct the
 different wavelengths toward the SMD. Alternatively, the system may comptise a plurality of -
dispersion elements -at‘different angles, to direct the returned Wavelén'gths of the véu:ious angles toward
the SMD. These alternatives will only be required if the returned radiation to be analysed covers a
sufficiently wide wavelength range that it would not otherwise all be directed onto the SMD. Figute 8a
shows a diagtam of patt of an alternative preferred form system that includes a plurality of dispAersion
elements, and Figure 8b shows an example of the excitation radiation that may be received by the SMD

* with such a configuration. This alternative configuration is desctibed below.

Returned radiation from the SMD is passed to a detector 43 to detect radiation that is received from
the SMD. The SMD temoves at least a2 majot patt of the residual excitation radiation from the
returned radiation that is received by the detector 43. That is, of the returned radiation that is '
transmitted by the beam splitter and dispersed by the dispersion element, only the radiation to be
analysed is passed to the detector, and little or none of the residual excitation radiation is passed to the

detectot.

The radiation to be analysed from the SMD 35 may be directed to one or more mitrors which deflect

the radiation to the detector. In the form shown, the radiation to be analysed is passed through a
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foutth focusing lens 37, to a plane mirror 39, to a further plane mitror 41, and on to the detector. The

focusing lens is configured to focus the radiation to be analysed onto the detector.

The SMD 35 is prefetably 2 digital micromirror device (DMD) or a digital light processing (DLP)
device. Preferably, the SMD has a plurality of columns of micromirrors and a plurality of rows of
micromirrors. The SMD is preferably atranged so that either each column or each row of
micromirtots, ot a Plﬁrality of adjacent columns or rows of micromirrors, cotresponds to a respective
wavelength or wavelength range of the returned radiation from the dispersion element. Most
preferably, the SMD is arranged so that each column, or plurality of adjacent columas, of micromitrors
corresponds to a respective wavelength or wavelength range of the returned radiation from the

dispersion element.

The SMD may.be controlled by any suitable means, such’as via a processing unit that is programmed to
control the SMD. The SMD will be controlled to temove at least a major part of the residual excitation
ra&iation from the returned radiation, so that is not passed to the detector. The residual excitati;)n
radiation can be removed from the radiation passed to the detector by tutning one or more columns of
the SMD cotresponding to the residual excitation radiation line. Prefetably, the SMD is controlled so
that the radiation to be analysed is passed to the detector a single column ot a plutality of adjacent
columns, at a time, so that radiation corresponding to a single wavelength or wavelength range is
passed to the detector at a time. However, the SMD .may be controlled to remove only the residual
excitation radiation, and to ditect all of the radiation to Be analysed to the detector at once. While that
configuration has broad applications, it is particularly useful if the system is used with a sample that

;')hotodegrades.

The detector 43 and/or any intervening optical component(s) 37, 39, 41 may be configured relative to
the SMD so that when a micromitror of the SMD is not tilted, returned radiation will be passed from
that micromitror to the detector. Alternatively the detector 43 and/or any intervening optical
component(s) 37, 39, 41 may be configured relative to the SMD so that when a micromirror of the

SMD is tilted, returned radiation will be passed from that micromirror-to the detector.

The detector 43 may be any suitable type, such as a chatge-coupled device (CCD) for example. Other
suitable types of detector could be used. For example, an InGaAs detector, silicon detectot, ot a small

photodetector (such as an avalanche photodiode) ot point detector could be used.
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The radiation to be analysed that is received by the detector 43 will be deconvoluted or decomposed to
provide analysis data relating to the received radiation. For example, the radiation received by the
detector may be deconvoluted to provide a quantity measurement for to one ot mote analytes in a
sample, where the analytes are labelled directly or indirectly with fluorescence(s). The system will be
provided with a processing unit (indicated by reference numeral 47 in Figure 2) that is programmed to

provide the desired deconvolution.

In a preferred embodiment, the processing unit will be programmed to enable the system to provide a
quantity measurement of at least one, preferably at least two, and more preferably at least five, analytes
in a sample from a single excitation radiation. For example, the system as shown is configured to

provide a quantity measutement of up to five analytes in a sample from a single laser line.

Rather than having a single source of excitation radiation, the system may have multiple sources of
excitation radiation. The system is preferably configured to provide a quantity measutement of up to
five analytes in a sample from each soutce of excitation radiation. As such, if four laser lines are
provided, the system is preferably configured to provide a quantity measurement of up to twenty

analytes in a sample.

If multiple soutces of excitation radiation are provided, the excitation radiation from each of the
soutces will preferably be delivered to t.he sample region by the single wavelength-inspecific beam
splitter. The excitation radiation from the multiple sources could be delivered to the single beam
splitter by any suitable mechanism. For example, where the sources of excitation radiation are a
plutality of lasers, dichroic lenses could be prc;vided in the laset bank to deliver the excitation radiation
from the multiple sources into the system, via a single optical fibre for example. As an alternative
example, each source of excitation radiation could be opetatively coupled to a respective optical fibre,
with the plurality of optical fibtes operatively coupled into a single optical fibre to feed the excitation

tadiation to the beam splitter. Any other suitable configuration could be used.

The source(s) of excitation radiation will be configured to supply radiation at desired wavelength(s)
.corresponding to fluotescence(s) of the analyte(s) to be detected. Those wavelengths will genetally be
within the range of about 400 nm to about 800 nm, possibly within the range of about 400 nm to about
1000 nm, possibly within the range of about 400 am to about 1400 nm. By way of example only; the
excitation radiation wavelength(s) may be one ot more of 405 nm, 473 nm, 475 nm, 532 nm, 593 nm,

633 nm, 635nm, 650 nm, or 780 nm.
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Opetration of the pteferred embodiment system

To analyse a sample, the sample is positioned in the sample region 1. Bxcitation radiation from the
soutce of excitation radiation is delivered to the sample via the wavelength-inspecific beam splitter 13
to generate returned radiation comptising residual excifation radiation ana radiation to be analysed.
The retutned radiation is teceived from the dispetsion element on the SMD. The SMD is operated to
temove at least a major part of the residual excitation radiation from the returned radiation that is
passeé to the detector but to deliver at least some of the radiation to be analysed to the detector.
Preferably, substantially all, and most preferably all, of the residual excitation radiation is removed from
the returned radiation that is passed to the detector. However, inconsistencies in the micro-mirrors
during manufactute of the SMD, or imperfections in the operation of the SMD, may result in a small

propotrtion of the residual excitation radiation being passed to the detector.

The tadiation to be analyseci that is received by the detector is deconvoluted or decomposed to provide
information relating to the sample. For example, as desctibed in more detail below, the radiation
intensity received on the detector may be deconvoluted to provide information on the quantity of one
_or more analytes in the sample. Alternatively, the systein could be used to identify whether there is
returned radiation at a wavelength or wavelength range cotresponding to one or mote specific or target
analytes, to determine whether the analyte(s) is/ate present in the sample. The system could also be

used for other applications.
F ot example, the system could be used for Raman spectroscopy. By providing a pinhole in the system,
the system could be used as a confocal mictoscope. The system and sample region will be configured

according to the purpose the system will be used for an the type of sample to be analysed.

The retutned radiation passes from the wavelength-inspecific beam splitter to the detector, without

passing through any dichroic beam splitter(s).
Preferred embodiment quantification . method

Figures 3 and 4 show a preferred embodiment analyte quantification method that may be carried out

with the system of Figures 1 and 2 ot any other suitable system. Steps of a preferred embodiment
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method ate shown in F1gure 3, and Figure 4 shows a sample region for use in the preferred

embodiment quantification method.
Referring to Figure 3, the first step involves attaching primary receptors 50 to magnetic beads 51.

The primary receptots 50 may comptise any suitable chemical entity that will bind to the analyte such as
probes, ligands or antibodies for example. The receptots may be specific for a target analyte such as
monoclonal antibodies or cDNA probes for example that are produced or selected for their specificity
to bind to the target analyte. The receptors may alternatively be streptavidin-coated molecules where
biotin is attached to the target analyte or altetnatively the receptors may be biotin or molecules with
biotin attached whete the analyte is bound to streptavidin and the receptots bind to the analyte through

a streptavidin-biotin complex.

The sample should pass along the length of the sample region with a flow rate that enables adequate
binding levels between analyte and primary receptor. If beads ate used, the diameter of the bead will be
optimised to reflect a number of trade-offs, for example an increase in radius reduces hydraulic

- resistance to flow but reduces surface area (requires gréater sen_sitivitjf to detect). Thus, the diameter of
the beads affects competing factors: the flow rate of the sample as it passes along the length of the
sample region and the sutface area per unit volume. Atea increases with the square of the diameter (or

tadius) of the bead and volume increases with the cube of the diametef (or radius) of the bead.

‘The smaller the bead, the more closely packed they will be and the gteater the hydraulic resistance to
flow. However, being small incteases surface area and makes it more likely that analyte will be bound
to a surface as the sample passes ‘over the sample region. If the flow-rate is too high, then not all
analyte may be captured. Preferably the flow-rate is selected so that all analyte(s) is/are captured within
the length of the sample region that is analysed; that is, the binding of analyte reduces to zero at some
point in the region that is analysed. One needs.to avoid the situation where hydrostatic pressute on
bedds (which produces a high flow-rate) compresses the beads, making the hydraulic resistance rise and
increasing the pressure still further. There is also an advantage in having shatp peaks (they have well-
defined boundaries and make measurement mote accurate). In flowing an analyte through a bed of
beads, the surface area (stronger signal) should be maximised, flow rate should be optimised, and bead

compression should be avoided.
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The sample may be passed along the length of the sample region in a stepped ot indexed manner. For
example, the sample may be moved along the sample region a small distance and held for a length of
time, such as two or three hours, befote being passed a further distance aloﬁg the sample region and
held for another length of time. The flow rate along the sample region may be increaséd when the

analytes are concentrated using the pre-concentrating method desctibed below.

Magnetic beads 51 are preferably beads or microspheres with a diameter of between about 1 and about
40 micrometers. Mote preferably the beads have a diameter of between about 1 and about 30
mictometers, even more preferably the beads have a diameter of between about 1 and about 8
micrometers. Most preferably the beads ate diamagnetic beads with a diameter of 1.05 micrometers ot

5.91 micrometets.

In step 2 the magnetic beads 51 with pritary receptors 50 attached are then attached to a sutface of the
sample region using magnetic attraction, for example using a powerful permanent magnet such as a

neodymium magnet. That immobilises the primary receptors 50 to a surface of the sample region.

. In alternative embodiments of the invention, the primary receptors 50 may be immobilised on the

. surface of the sample region in any suitable way, either directly or .indjrectly.

Whete the primary receptors 50 are directly immobilised on a surface of the sample regioh, the surface
may be inherently adsorbent for the receptors or may require chemical activation or modification.
Whete chemical activation ot modification is required, glass surfaces may be treated with a range of
silanising reagents that introduce amino, carboxy, sulphydryl and other chemical groups that can be

used to attach receptots.

Where the primary receptors are indirectly immobilised on a surface of a sample region, this may be
achieved through any suitable method. In a prefetred embodiment, béads which attach to the teceptors
may be attached to the surface of the sample region. The beads may be any suitable beads and may be
attached to a sutface of the sample region before or after being attached to the receptors. The beads
may be magnetic beads 51 as shown in Figure 3 and attached to a surface of the sample region using
magnetic attraction, for example using a powerful permanent magnet such as a neodymium magfet.
Alternaﬁvely, the beads may be covalently attached to the surface.. Alternatively, the beads could be

immobilised relative to the surface using a matrix as described above.
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Step 3 involves preparing labels that are receptor-fluorophore complexes 55 by attaching secondary

receptors 56 to fluorophotes 57.

The secondary teceptors 56 of the receptor-fluorophore complex 55 may comptise any suitable
chemical entity that will bind to.the tatget analyte, such as probes, ligands or antibodies, for example.’
The receptors may be specific for a target analyte. For example, the receptors may be monoclonal
antibodies or nucleic acid probes that are produced or selected for their specificity to bind to the tatget

analyte.

The nucleic acid probes can be genomic DNA or cDNA or mRNA, or any RNA-like ot DNA-like
material, sucﬁ as peptide nucleic acids, branched DNAs, and the like. The probes can be sense ot
antisense polynucleotide probes. Where target polynucleotides are double-sttanded, the probes may be
either sense or antisense strands. Where the tatget polynucleotides are single-stranded, the probes ate

cqmplementgry single strands.

The probes can be prepated by a variety of synthetic ot enzymatic schemes, which are well known in
the art. The probes can be synthesized, in whole or in part, using chemical methods well known in the
art (Caruthers et al., Nuclic Acids Res., Symp. Ser, 215-233 (1980)). Alternatively, the probes can be

generated, in whole or in part, enzymatically.

Nucleotide analogs can be incorporated into probes by methods well known in the art. The only
requirement is that the incorporated nucleotide analog must serve to base pait with target
Ipolynucleoti;de sequences. For example, certain guanine nucleotides can be substituted with
hypoxanthine, which base pairs with cytosine residues. However, these base pairs are less stable than
those between guanine and cytosine. Alternatively, adenine nucleotides can be substituted with 2,6~

diaminoputine, which can form stronger base pairs than those between adenine and thymidine.

. Additionally, the ptobes can include nucleotides that have been detivatized chemically or enzymatically.
Typical chemical modifications include derivatization with acyl, alkyl, aryl or amino groups.

The probes can be immobilized on a substrate. The substrate can have a vatiety of surface forms,
such as wells, trenches, pins, channels and pores, to which the polynucleotide probes are bound.

Preferably, the substrates are optically transpatent.
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Furthermote, the probes do not have to be directly bound to the substrate, but rather can be bound to
the substrate through a linker group. The linket groups ate typically about 6 to 50 atoms long to
provide exposure to the attached probe. Preferred linker groups include ethylene glycol oligomers,
diamines, diacids and the like. Reactive groups on the substrate surface react with one of the terminal
portions of the linker to bind the linker to the substrate. The other terminal portion of the linker is
then functionalized for binding the probe.

"The probes can be attached to a substrate by dispensing reagents for probe synthesis on the substrate
surface or by dispensing preformed DNA fragments ot clones on the substrate surface. Typical
dispensets include a micropipette delivering solution to the substrate with a robotic system to control
the position of the micropipette with respect to the substtate. There can be a multiplicity of dispensers

so that reagents can be delivered to the reaction regions simultaneously.

The receptors may alternatively be streptavidin coated molecules where biotin is attached to the target
analyte or alternatively the receptors may be biotin or molecules with biotin attached where the analyte
is bound to streptavidin and the receptors bind to the analyte through a streptavidin-biotin complex.

The analyte(s) may be labelled either before or after passing the sample along the length of the sample

region.

Whete the analyte(s) is/are labelled before passing the sample along the length of the sample region,
labels may be added to the sample and the sample allowed to incubate for a period sufficient to ensure
binding. For example, in step 4 of Figute 3, the receptor-fluorophote complexes 55 (labels) ate then
incubated with analyte 60 so that the analyte 60 binds to the receptor-fluorophore complexes 55

creating analyte-receptor-fluorophote 'co'mplexes)61 (ot labelled analytes).

When the analyte(s) is/ate labelled aftet the sample has been passed along the length of the sample
tegion, the labels may be passed along the length of the sample region with a flow rate that allows for

the labels to bind to the analyte.

Preferably the analyte 60 is protein, peptide, DNA, RNA, catbohydrate ot lipid. Where the sample is a
biological sample, the analyte may be one ot more foreign bodies such as drug(s). In alternative
embodiments where more than one analyte is being quantified, the analytes are preferably protein(s), ‘

peptide(s), DNA, RNA, catbohydrates(s), lipid(s), foteign bodies such as drug(s), ot mixtures thereof.
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In step 5, the analyte-receptor-fluotophore complexes 55 are then passed along a length of the sample
region with a flow-rate that allows adequate binding levels between analyte 60 and secondaty receptor
56. As discussed above, where beads are used, the size of the bead can be selected so as to influence

the flow-rate of the sample as it passes over the sample region.

In alternative embodiments of the invention, the analyte(s) in the sample may be labelled in any suitable

way whete the analysis system can quantify the analyte(s) from information received from the labels.

'The analyte(s) may be fluorescently labelled as shown in Figure 3 or otherwise fluorescently-labelled,
‘labeﬂed using chemically-driven light-emitting systems that ate non-fluotescent such as luciferases for
example, or labelled using non-electromagnetic radiation such as magnetism for example. In alternative
embodiments the analyte(s) may be enzymes that generate fluorescent products such as modified
ELISAs for example or aptamers such as DNA ot RNA molecules that quench or unquench when
complementary DNA or RNA strands bind or the aptamers fold ot unfold.

Fluotescent labels that may be used include, but are not limited to, the following:

Fluorophote Excitory Peak Emission
~ | (nm) Peak (nm)
Group One 473 nm | FITC (Flouroscein) 494 518
PE 488 575
Texas Red 488 615
Cy7 438 760
Alexa Fluor 500 503 525
Group Two 532 nm | Eosin ‘ 524 544
Alexa Fluor 532 532 554
Alexa Fluor 555 555 565
Alexa Fluor 568 578 603
Alexa Fluor 594 590 617
Group Three 633 nm | Alexa Fluor 610 612 628
Alexa Fluor 633 632 047
Alexa Fluor 647 - - 633 668
Alexa Fluor 750 633 775
DyLight 633 638 658
Group Four 650 nm | DyLight 649 646 674
Alexa Fluor 660 663 690
Alexa Fluor 680 679 702
DyLight 680 682 715
Alexa Fluor 700 702 723

These fluotophotes ate available from various suppliets including Dylight, Invitrogen, and Bioscience.
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While the excitoty peaks diffet for some of the fluotophotes in each grdup, the ﬂgoréphores m a group
will all be caused to fluoresce by a laser having a wavelength listed in the left column for the group.

Some of the fluotophotes may also be caused to fluoresce by the laser from the adjacent group.

Preferably, the labels ate selected to minimise the number of excitation wavelengths to be used. Ina
preferred embodiment 20 analytes ate used with five or more fluorophores excited by the same

wavelength, but emitting at five different wavelengths.

The fluotescently labelled receptors may be prepared by methods known to those skilled in the art.
Suitable fluorescently labelled teceptors include fluotescently labelled antibodies to antibodies of

species such as rat, mouse, rabbit, guinea pig and chicken.

In another embodiment antibodies to the analytes may be labelled with the fluorophores. for use in the

method shown in figure 3.

As shown in step 6, the fluorophotes 57 receive excitation radiation 80 and return at least some of that
- radiation to a detector of the analysis system. Where no analyte 60 is present, there will be no returned
 radiation at the particular wavelength or wavelength range corresponding to the fluorescence, and

. therefore a “negative” result.

“The analysis system may be any suitable system that can provide an intensity for a particular wavelength
that can be deconvoluted to quantify analytes m a sample. Preferably the analysis system is the analysis

slystem described above with reference to Figures 1 and 2.

The analysis system may be any suitable system comptising a detector that can be used to quantify the
target analyte in the sample. When the analyte(s) is/are labelled fluorescently, the analysis system
preferably comptises at least one source of excitation radiation. Preferably, the excitation radiation is
directed into the sample region in a direction transverse to the length of the sample region, and is
‘moved along at least part of the length of the sample region comprising the immobilised receptots.
The excitation radiation may also be moved across at least part of the width of the sample region

comptising the immobilised receptors. The detector receives at least some of the returned radiation.
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As shown in steps 7 and 8 of the preferred embodiment analyte quantification method, the analysis
system collects spectra from received radiation from sections of the tube and the analyte is quantified

by deconvoluting the spectra.

In a preferred embodiment, the number of analytes bound to receptors generally reduces along at least
patt of the length of the sample region comprising receptors as the number of unbound analytes in the
sample reduces due to binding of the analyte to the receptors. More analyte will bind to receptot-
bearing beads at the first end of the sample region (where the sample enters) than further away from
the first end. Accordingly, the intensity of returned radiation telating to the fluorescence of the analyte
that is delivered to the detector will generally reduce along the length of the sémple region from the
first end as the number of unbound analyte(s) in the sample reduces due to binding with the
immobilised receptors. Beyond a certain point, there may be no binding, and the excitation radiation
will not generate any returned radiation. This creates an mtensity profile that changes along the length
of the sample region, and this information can be used to quantify the level of analyte in the sample.
Where the quantity of more than one analyte is being analysed, different analytes may travel to different

points along the sample region.

. The intensity of the returned radiation may not reduce along the entire length of the sample region.
For example, depending on the affinity between the anaIyte(s) and immobilised receptors, the analyte(s)
may initially saturate the teceptors thereby providing a generally constant intensity of retutned radiation
along a part of the sample region before the number of unbound analyte(s) in the sample reduces so

that a corresponding reduction in the intensity of the returned radiation is observed.

Refetting to Figure 4, the sample region 1 may be any sample region that is suifable for receipt of the
sample while the method is petformed. For example the sample tegion may comptise any suitable
chamber, such as a tube, éapﬂlary, column or cuvette for example. The chamber may be open at one ot
both ends. A majority of the sample, other than the analyte that has bound to the receptors, may pass
through and exit the sample region. "In the preferred fotm, the sample region is a capillary tube having
a rectangular cross-section with a height of 50 micrometets, a width of 500 micrometers, and a len_gth
of 10 mm. A square or rectangular tube is particulatly suitable if it is desired to catty out analysis near
the edges of the sample, as the relatively shatp corners will result in less optical distortion than a curved
tube. If the analysis is to be catried out largely along the centre of the tube, a curved edge tube could

be used. The tube could have any other suitable dimensions or configuration.
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The sample region may be reusable ot disposable.

In Figute 4, the preferred embodiment method comptises analysing a sample to quantify two analytes
702 and 70b in the sample.

“Primaty receptors 50a and 50b ate indirectly immobilised on a surface of the sample region through
attachment to magnetic beads 51. In altetnative embodiments the receptors may be otherwise

immobilised on a surface of the sample region, either directly or indirectly.

The ptimary receptors 50a and 50b may comprise any suitable chemical entity that will bind to the
analyte such as probes, ligands or antibodies for example. The primary receptots 502 and 50b may be
specific for a target analyte such as ﬁonoclonal antibodies or cDNA probes for example that are
produced or selected for theit specificity to bind to the tatget analyte. The receptors may alternatively
be streptavidin-coated molecules whete biotin is attached to the target analyte or alternatively the
receptots may be biotin ot molecules with biotin attached where the analyte is bound to stteptavidin

and the receptors bind to the analyte through a streptavidin-biotin cdmplex.
The magnetic beads 51 may be any suitable beads including those discussed with reference to Figufe 3.

The receptors are immobilised along at least part of the length of the sample tegion 1, such as 1 mm in

length and the entire height and width of the sample region 1 for example.

Alternatively the method may comprise analysing a sample to quantify one analyte in the sample.
Alternatively the method comprises analysing a sample to quantify each of several analytes in the
sample. Preferably, the method comprises analysing a sample to quantify each of at least two, three,

four, mote preferably at least five, and most preferably at least twenty analytes in a sample.

* Where the method involves quantification of more than one analyte, the method must allow for

different analytes to be identified. This may be achieved in a number of ways.

In a preferred embodiment, the method may allow for the quantification of different analytes where the
labels are specific for target analytes. For example, if the analytes ate labelled through receptot-
fluorophore complexes, specific receptors may be attached to specific fluorophores. Where the

quantity of two analytes is desired, a first group of receptos specific for the first analyte is attached to
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fluorophores that return radiation at a first wavelength ot wavelength band and a second group of
receptors specific for the éecond analyte are attached to a second group of fluorophores that return
radiation at a second wavelength or wavelength band. In this embodiment the analysis system can
distinguish between different analytes by deconvoluting the returned radiation with refefence to
different wavelengths or wavelength bands each corresponding to a particular ﬂuorescence-that 1s

associated with a particular analyte in the sample.

In an alternative embodiment, the immobilised receptots are specific for a target analyte and the
analysis system can detect the difference between different receptots. Por example, if the receptors ate
indirectly immobilised on a sutface of the sample region through beads, and the quantity of two
analytes is desired, then receptors specific to the first analyte may be attached to a group of beads of a
first colour, and receptors specific to the second énalyte may be attached to a group of beads of a
second colour. Whete the quantity of three analytes is desited, the third group of receptors specific for
the third analyte may be attached to a group of beads of a third colour. In this embodiment the
analysis system can distinguish between different analytes by deconvoluting the returned radiation with

tefetence to the different groups of coloured beads.

Where reference is made hetein to groups of beads of different colours, each bead of one group may
have a different emitted spectrum or colout to each bead of another group. Alternatively, each bead of

one group may have a different combination of colours to each bead of another group.

In a most preferred embodiment, a combination of both immobilised receptors attached to coloured
beads and fluorophores of different wavelengths are used. The immobilised receptors and receptor-
fluorophote complexes have a certain level of specificity that allows for a large number of different

analytes to be analysed in the same sample.

The analytes 702 and 70b may be protein(s), peptide(s), DNA, RNA, carbohydrates(sj, lipid(s), ot
mixtures theteof. Where the sample is a biological sample, the analyte(s) may be one or more foreign

bodies such as drug(s).

"The analytes 702 and 70D ate fluorescently labelled using receptor-fluorophore complexes 55
comptising complexes between secondary receptors and fluorophores. The fluorophores 57 receive

the excitation radiation 80 and return at least some of that radiation as returned radiation 81 to a
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detector. Where no analyte is present, there will be no returned radiation at the patticular wavelength

or wavelength range cotresponding to the fluotescence, and therefore a “negative” result.

"The excitation radiation 80 is directed into the sample tegion in a direction transvetse to the length of
the sample region, and is moved along the length of the sample region to which the receptots are
immobilised. Additionally, the excitation radiation may be moved across the sample tegion, to obtain a
two dimensional analysis of the sample in the region. That can be achieved by moving the sample
region 1 relative to the beam splitter 13, such as via the motorised stage for example. From the

retutned radiation 81, the analyte(s) is/are quantified.

As shown in Figure 4, the sample has been passed along the length of the sample region comprising
receptors, whereby the analytes 70a and 70b have bound to receptors 50a and 50b, wherein the number
of analytes bound to receptors has generally reduced along the length of the sample tegion as the
number of unbound analytes in the sample reduces due to binding of the analytes to the receptors. In
Figure 4, the number of the fitst analyte 70a is greater-than the number of the second analyte 70b. The
analysis system, by deconvoluting the spectra of returned radiation, can quantify the‘analytes 70a and'
70b.

Prefetred method of preparing a sample to quantify analyte in the sample
Sample preparation

The sample may be any biological or hon—biol;:)gical sample where knowledge of the quantity of at least
one specific analyte is desired. When the sample is a biological sample, it may be human ot non-human
and 1t rﬁay be selected from any biological material including blood, saliva, semen, vaginal secretion,
urine, faecal material, for example, or cells including embryonic cells for example, or otgans or patts of
organs for example, or mixtures thereof. Alternatively the sample may be taken from soil, water or air,

for example.
As a preliminary step it may be necessary to process the sample first.

For example, the sample may contain debtis or other unwanted matetial that may interfere with the

ability of the analytes to bind with the receptots or block the sample region. Any debsis or other
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unwanted matetial in the sample may be removed by filtering the sample through a séﬁes of filters for

example or by centrifuge.

'The sample may also contain intact cells where the analyte is contained within the cell and it is
necessaty to lyse the cells and release the contents so that any analyte is free to bind with a receptor.
Intact cells may be broken up using any known technique. For example, a non-ionic detergent may be
used to dissolve or distupt cellular membranes and solubilise membrane proteins and release
intracellular protein components. Suitable non-ionic and ionic detetgents include polyethylene glycol
p-(1,1,3,3-tetramethylbutyl)-phenyl ether (TRITON X-100). In some instances a non-denaturing

detergent may be suitable, for example, cetyl trimethyl ammonium bromide.

The sample may also contain intact cells that ate to be temoved befote the fluid of the sample is
analysed. For example, blood samples may be treated to remove whole cells by, for example,

coagulation, filteting or centrifugation. .

It may also be necessary to prepare the sample in othet ways. For example, cDNA may be prepared

from mRINA for quantification, so that the cDNA is the analyte in the sample for analysis.

DNA or RNA can be isolated fxoﬁ the sample according to any of a number of methods well known
in the art. For example, methods of purification of nucleic acids are described in Tijssen; Laboratory
Techniques in Biochemistry and Molecular Biology: Hybridization with nucleic acid probes Part 1:
Theoty and Nucleic acid preparation, Elsevier, New York, N.Y. 1993, as well as in Maniatis, T, Fritsch,

E F. and Sambrook, J., Molecular Cloning Manual 1989, herein incorporated by reference.
Preferred method of pre-concentrating analytes of interest

"The sample may be crude and contain a number of. diffetent types of analytes and debtis that ate not of
interest. This can cause the rate of binding of the analyte of interest to the receptor/ligand to be very
slow. Additionally, the binding of some analytes to some receptors, patticulatly the binding of an
analyte to an antibody, is also slow because of the stetic constraints that exist when two complex
molecules bind. Thetrefore, it is desirable to use a pre-concentrating method to concentrate the analyte

of interest so that the rate of binding of the analyte to its receptor is increased.
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When the analyte of interest is a nucleic acid the nucleic acid can be isolated from the sample according
to any of a number of methods well known in the art. For example, methods of purification of nucleic
acids are described in Tijssen; Laboratory Techniques in Biochemistry and Molecular Biology:
Hybridization with nucleic acid probes Part 1: Theory and Nucleic acid prepéraﬁon, Elsevier, New
York, NUY. 1993, as well as in Maniatis, T., Fritsch, E. F. and Sambrook, J-» Molecular Cloning Manual
1989.

When the analyte of interest is a protein or group of proteins, the pre-concentrating step may include

isolation from a host cell expressing the protein and putification according to standard procedures of

the art, including ammonium sulfate precipitation, column chromatography (¢.g., ion exchange, gel
filtration, affinity chromatography, ez.) and electrophotesis (see generally “Enzyme Purification and

Related Techniques", (1971) Methods in Engymology, 22:233-577 incorporated herein by reference).

Preferably the pre-concentrating step concenttates the analytes of interest into a small volume prior to

introducing this small volume to the sample tegion containing the receptors for binding the analytes.

Preferably, ion exchangers are used for the pre-concentrating step to capture analytes that have a net
charge opposite to the ion exchanger.

In a preferred method a large volume of sample is contacted with ion exchanger under conditions
whete the analytes bind. The analytes are then eluted from the ion exchanger in a small volume. The

elution can be brought about by, for example, increasing the salt concentration ot changing the pH.

Ton- exchangers useful in the present invention may have an ionic group linked to 2 rigid or solid
suppott. The rigid or solid support can be, for example, membranes, filtets, chips, slides, wafers, fibets,

magnetic or nonmagnetic beads, gels, tubing, plates, polymers, mictoparticles and capillaries.

The ion-exchangers may include the use of a chemically labile linker that joins an ionic group to the
solid éupport. The chemically labile linker can be cleaved, which results in the liberation of the analyte
of intetest. Many chemically cleavable linkages are known to those skilled in the att; for example,
linkers such as, but not limited to, disulphide linkage, which can be cleax;ed using mercaptans and cis

diols, which may be cleaved using periodate.

- Receptors immobilised along a length of the sample region
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The receptors immobilised along a length of the sample region may comptise any suitable chemical
entity that will bind to the analyte such as probes, ligands or antibodies for example. The receptors
may be specific for a target analyte such as monoclonal antibodies or cDNA probes for example that

ate produced ot selected for their specificity to bind to the target analyte.

The receptors may alternatively be streptavidin-coated molecules where biotin is attached to the target
analyte or alternatively the receptors may be biotin or molecules with biotin attached where the analyte

is bound to streptavidin and the receptors bind to the analyte through a streptavidiri—biotin complex.

For example, whete the quantity of one or mote mRNA is desited, the mRINA in the sample can be
converted to cDNAs with biotin-oligod-T primers and bound to streptavidin-derivatised glass.
Antisense DNA probes carrying fluorescent labels can be hybridised to the streptavidin-biotin-bound
cDNAs.

In another vatiant of mRINA detectlon the receptors are DNA probes that are attached to the glass
(using the streptavidin-biotin system or some other appropriate chemistry) and the mRNAs are

hybridised to the receptors or converted to cDNAs and hybridised to receptors.
The receptors may alternatively be any other suitable receptot.
Passing the sample along a length of the sample region

In ordert to pass the sample along a length of the sample tegion, the samplé may be poﬁred or pumped
(such as via a micro-pump for example) into one end of the sample tegion and is forced to travel along
the length of the sample region by gravity or some othet means. Alternatively the sample tegion may
be centrifuged to cause the sample to travel along the length of the sample region comprising teceptors.
This may or may not be achieved through gravity. Alternatively the sample may be drawn into the

chamber and along the sample region using capillary action.

The sample suitably passes along the length of the sample region starting at a first end. The flow rate
of the sample will be selected to ensure that the analyte attachment is not ovetly attenuated as it passes
down the column of analyte binds to receptors when they meet. The flow tate may be manipulated by ,

alteting the viscosity of the sample ot the size of the beads ot the hydrostatic pressure (inctease by
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increasing pump speed ot centrifugal rate). Whete the receptor is bound to a bead, the beads act to
increase the sutface to volume ratio and provide hydrostatic resistance to slow the flow rate and ensute

adequate binding levels between analyte and receptor.

The sample may be passed along a length of the sample region in a stepped or indexed manner if

required.

In a preferred embodiment, the number of analytes bound to receptors generally reduces along at least
patt of the length of the sample region comptising teceptors as the number of unbound analytes in the
sample reduces due to binding of the analyte to the receptors. More analyte will bind to receptor-
bearing beads at the fitst end of the sample tegion than further away from the first end. Accordingly,
the intensity of returned radiation rélaﬁng to the fluotescence of the analyte that is delivered to the
detector will generally rise sharply to begin with and then reduce along the length of the sample region
from the first end as the number of unbound analyte(s) in the sample reduces due to binding with the
immobilised receptors. Beyond a certain point, thete may be no binding, and the excitation radiation
will not genetate any returned radiation. This creates an intensity profile that changes along the length
of the sample region, and this information can be used to quantify the level of analyte in the sample, for
example, by integiating the atea undet the curve ot the volume under envelope. Where the quantity of
more than one analyte is being analysed, different analytés may tpavel to different points along the

sample region.
Quantification of analyte in sample using radiation intensity data

Figure 5 shows a schematic view of the sample region when used to quantify analyte in the sample. A
portion 1” of the length of the sample region tube contains immobilised receptors, as discussed above.
The receptors will suitably be immobilised along that portion 17 of the length, as well as over the full
height and width of the tube in that portion of the length. The excitation radiation 80 is directed into
the sample region in a ditection transverse to the length thereof. In one embodiment, these positions
represent adjacent non-ovetlapping slit widths, but other configurations are possible. The pottion 1" of
the sample region can be split into a finite number of sub-sections, each cotresponding in width to the

width of the excitation radiation beam.

The excitation radiation is scanned along at least part of the length of the portion 1°. This is achieved 2

step-wise mannet, so the radiation initially impacts on region 101a, then region 101b, then region 101c,
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etc. The returned radiation is passed through the system of Figure 1 and 2, and detected on the

detector.

Figure 6a shows an example plot of the radiation that may be received by the detector 43 of Figure 2
for point 1012 of the sample region. For the given incoming excitation radiation 80, if there are
analytes with differing fluorescences that are triggered by the radiation, the returned radiation to be
anlaysed will include peaks 103, 105 corresponding to those radiations. Figure 6b shows an example
plot of the tadiation that may be received by the detector for point 101b of the sample region. Again,
the signal includes fluorescences that are triggered by the incoming excitation radiation, so the teturned (

radiation to be anlysed includes peaks 103, 105°.

For each point 101a, IOI‘b, 101c, the returned radiation to be analysed will be delivered to the detector
by the SMD. The returned radiation for a given point may be delivered to the detector in its entirety,
or the SMD could be used to remove selected parts of the returned radiation. Forexample, the
wavelength or wavelength band cotresponding to each target analyte may be delivered to the detectort,

one at a time.

As the quantity of target analytes that attach to the beads generally reduces along. a direction of the
Iength of pottion 1, the intensity of the peaks 103’, 105"may be lower than 103, 105. The system is
opetable to extract the data relating to a specific wavelength or wavelength tegion along the portion 17,
to extract data relating to a target analyte. The systérn may be programmed so that radiation received
by the detector is deconvoluted to provide data relating to specific wavelengths or wavelength ranges,
and thereby target analytes. Altetnatively, for each point 101a, 101b, etc in the portion 1” of the tube,
the SMD could be operated to deliver a Waveleﬁgth ot wavelength range at a time to the detector. The
system would store the data and then combine that to provide data relating to each desired wavelength

or wavelength range, and theteby each target analyte. ’

Figure 7a shows an example plot of rettﬁned rédiation intensity versus point 101a, 101b, etc that is
teceived by the detector for a specific wavelength. This may have been extracted from the overall
excitation radiation using either method mentioned above. Each analyte in the sample can be
quantified by calculating the area urider the intensity curve for the particular wavelength or wavelength
range associated with the target analyte. That is the shaded area shown in Figure 7a. The system will

be programmed to perform that calculation based on the returned radiation to be analysed that is
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received by the detector. That area corresponds to the total intensity of returned radiation received by

the detector for the specific wavelength or wavelength band.

The system can perform the same steps for each analyte; that is, extract the intensity of the relevant
wavelength or wavelength band in question from the returned radiation, establish the total intensity of
teturned radiation at the relevant wavelength or wavelength band from the intensity for that wavelen.gt.h
or wavelength band for each point 1012, 101b where there is returned radiation at the televant

wavelength, and quantify the analyte.

- The area under the plot of Figute 7a representing the total intensity of returned radiation, is
proportional to the quantity of the analyte in the sample. The proportional relationship may or may
not be a linear relationship. To calculate the actual quantity, the total intensity may be compared to a
total intensity obtained by cartying out the same process for a sample containing a known quantity of
an analyte, or alternatively the system could be programmed with relevant factors telating to the
analytes in question to establish the actual quantity. The system may be programmed with factors that
have been established based on column (sample region) parametets, reagent parameters, etc. Provided
- the columns are manufactured accurately, and the samples are prepared and analysed using techniques
with high repeatability, the prbgrammed factors will enable the system to provide automatically an

accurate quantification of the analyte(s) in the sample.

As another alternative, a known quantity of another analyte could be added to the sample, and the
radiation intensity for the known arialyte could be compared to the radiation intensity for the analyte(s)

in question, to obtain quantities of these analytes.

When the volume of sample that is passed along the length of the sample region is known, the quantity
of analyte determined by the system can be divided by that volume to obtain a concentration of the
analyte in the sample. The system may be programmed with the volume to calculate automatically the

concentration of each analyte(s).

In some cases, it may be desirable to obtain a teading both along at least a portion of the length and
across at least a portion of the width of the sample region. That can be achieved by, for each point
1012, 101b, 101c etc, additionally taking a reading at each of a number of points across the width of the
sample region. Figure 7b shows an intensity cutve for such a configuration. The volume under the

curve will again be a representation of total intensity of radiation at the relevant wavelength or
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wavelength band received by the detector, and will be proporttional to the quantity of the analyte in the
sample. Again, the system will be configured as desctibed above, to deconvolute the data relating to
each wavelength or wavelength band cotresponding to a target analyte, and to calculate the quantity of

the analyte from that data.

The methods described above prévides an output of intensity relative to position along the sample for
a specific wavelength or wavelength range which corresponds to a specific fluorescently labelled
analyte. That output can be used to quantify the target analyte in the sample, by calculating the total
intensity of radiation received by the detector that cotresponds to a particular wavelength or

wavelength range.

It will be appreciated that the systerﬁ could be operated in diffetent ways to extract the required data.
When multiple analytes ate to be detected, each of which has a specific wavelength or wavélength
range, the system may take all required readings at each point 101a, 101b, 101c, before moving on to
the next point. For example, a first source of excitation radiation may be triggered at point 101a, and
the readings from one or more associated analytes could be obtained. Then, the second source of
- excitation radiation may be triggered at point 101b, and the readings from one ot more associated

analytes could be obtained, and so on, before moving on to point 101b and repeating the pfocess.

Alternatively, one or more analytes may be analysed at all relevant points 101a, 101b, 101c¢, etc, before )

analysing one or mote different analytes at all relevant points 101a, 101b, 101c, and so on.

If a point detector is used, the SMD will be used to direct returned radiation to the detector only one

Wavelengfh ot wavelength band at a titme

Itis preferred that the method is carried out using the appatatus of Figure 1 and 2, as that enables at
least a major patt of the tresidual excitation radiation to teadily be excluded from the radiation sent to
the detector. The method could be carried out with any other suitable apparatus that enables radiation

' intensity to be obtained for each relevant wavelength or wavelength band.

The system may also be used where the analyte is not fluorescently labelled as described above. With
such an alternative, there would be no residual excitation radiation to be removed from the signal sent
to the detector'. Howevet, the apparatus of Figutes 1 and 2 would still be useful for the analysis as it
enables the different wavelengths or wavelength bands to be readily distinguished.
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Alternative preferred embodiment system

Figure 8 shows part of an alternative preferred embodiment system that includes a plurality of
dispersion elements. Unless desctibed below, the features and operation should be considered the
same as for the above figures, and like humerals indicate like parts with the addition of 1000. In this
embodiment, the dispetsion elements 1023 comprise a plutality of dispetsion elements 1023a, 1023b,
1023c¢, 1023d that are oriented at different angles, to ditect the retutned wavelengths of the various
angles toward the SMD. The system comprises a plutality of dispersion elements 1023a, 1023b, 1023c,
1023d in a stack, with each dispersion element oriented at a different angle relative to the other

dispersion elements.

The returned radiation impacts on the dispetsion elements. As the returned radiation will deflect a
different amount depending on its wavelength, the dispersion elements are angled relative to each other
so that all relevant retutned radiation is directed to the SMD. Figure 8b shows an example image of
radiation received on the SMD. As the dispersion elements are configured in a stack, the system can
direct the radiation of differing wavelengths simultaneously to the SMD surface as shown. Radiation
directed by element 1023a will be positibned above the radiation directed by element 1023b, and so on.
- Where each wavelength band has residual excitation radiétion, the SMD will be used to prevent the
excitation radiad;)n from being directed to the detector, ot to at least minimise the amount of excitation
tadiation that is passed to the detector. If the differing fluorescences triggered by a single excitation
radiation soutce cover a sufficiently wide wavelength range, there may only be one residual excitation

radiation band to remove.

The four groups of resulting excitation radiation can be simultaneously ditected to the detector and
analysed as above, or the SMD could be used to direct the wavelengths one at a time as outlined above.

This will be repeated for each point in the portion 1° of the sample region of which analysis is tequired.

The system will be configured so that the excitation radiation directed to the stack of dispersion ‘
elements is configured as a series of collimated beams, ot so that the beam being received by the stack
is sufficiently deep that it covers the plurality of dispersion elements. The stack may have more or less

than four elements.
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Further alternative preferted embodiment system

Figure 12 shows an alternative preferred embodiment spectrometer section for an alternative preferred
embodiment system. In the alternative preferted embodiment system, the spectrometer section
teplaces that shown in Figure 2. Unless desctibed below, the features and function should be
considered the same as for the above figutes, and like numbers indicate like parts with the addition of .
2000 to the numbers used in Figure 2. The spectrometer section shown in Figure 12 is used with the

microscope section of Figure 1.

In this alternative preferred embodiment, several of the components 21, 23, 25, 27, 29, 31, and 33 are -
replaced by 2 single element, namely a concave holographic grating2023. One suitable grating is an
NT47-565 600 groove/mm concavle holographic grating available from Edmund optics. The concave
holographic grating acts as the dispersion element for this embodiment. The concave holographic
grating both diffracts and focuses the returned radiation from the entrance slit or pin hole 2019 of the.

spectrometer section. One suitable entrance slit is a2 VS100/M adjustable slit from Thorlabs.

The concave holographic grating 2023 is configured to disperse the returned tadiation from the sample
to be analysed that has been transmitted by the beam splitter 13. The concave holographic grating
2023 spatially disperses the retutned radiation depending on the wavelengths or wavelength ranges

within the returned tadiation.

The spatially dispetsed returned radiation from the concave hologtaphic grating2023 is ditected to one
é)r more mirrors, and, in the embodiment shown, initially to a plane mirror M1 and then to a further
plane mitror M2, and onto the selectively switchable micromitror device (SMD) 2035. The spacially
dispersed returned radiation is focused onto the SMD by the concave holographic grating. Suitable
mitrors for M1 and M2 are 2 diameter steering mitrors with broadband visible dielectric E02 coating -

from Thotlabs. One suitable SMD 2035 is 2 DMD from Texas Instruments.

Depending on the configuration of the spectrometer section, plane mitrots M1, M2 could be dispensed

with.

Preferably, the configuration of the system will be such that the dispetsed retutned radiation to be
analysed is focussed onto the SMD so that the wavelength(s) of retutned radiation to be analysed

correspond to respective columns or rows of micromirrors of the SMD.
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Returned vradiation from the SMD is passed to a detecto;c 2043 to detect radiation that is received from
the SMD, by a focusing lens 2037. The SMD removes at least a major patt of the residual excitation
radiation from the returned radiation that is received by the detector 2043. That is, of the returned
radiation that is transmitted by the beam splitter and dispersed by the concave hologtaphic grating, only
the radiation to be analysed is passed to the detector, and none or little of the residual excitation
radiation is passed to the detector. The focusing lens 2037 is configured to focus the radiation to be

analysed onto the detector.

One suitable focusing lens 2037 is a Hastings triplet image relay lens, f= 120mm. One suitable detector

(is a2 1340x100 pixel TEC CCD attay, available from Princeton Instruments.

By using fewetr components in the spectrometer section, the spectrometer section can be more
compact, can operate with higher efficiency, and will likely cost less to manufacture. Additionally, the
configuration shown in Figure 12 should result in lower light scattering due to reduced optical surfaces. -
The concave holographic grating can provide a higher line count and greater dispersion than the grating
- used in the embodiment of Figure 2. Therefore, the sensor 2043 may need to be physically latger than

that used in the first embodiment, or a plurality of sensots may be used.

It is preferable to maximise (within reason) the path length between the dispetsion element 2023 and
the SMD 2035, to reduce the amount of scattered radiation that is transferred to the SMD 2035.

The system could incorporate a plurality of stacked concave holographic gratings 2023 on different

angles, such as desctibed in relation to Figure 8a

EXAMPLES

EXAMPLE 1

Strepavadin-coated magnetic beads with a diameter of 1.05 micrometets were obtained from Dynal.
The beads wete mixed with a highly concentrated cornmércia]ly available biotin-4-fluorescein

(Molecular Probes) in aqueous solution, and incubated in the datk overnight in a fridge (0- 4 degrees C).

The objective of this step was to get each bead fully coated with biotin complex.
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The bead-biotin-fluorophote complexes wete then washed with 1ml phosphate buffered saline three
. times.

- Approximately 100 microlitres of the bead slutry was taken and a commercially available magnetic bead

. extractor used to extract the bead-biotin-fluorophore complexes from the shurry.

A small amount (approximately 10 microlitres) of the bead-biotin-fluorophote complexes was
introduced into a rectangular Vitrocom glass tube having internal dimensions 50 micrometers by 500

. micrometers by 30-50 micrometers in length).

A small neodymium magnet (5 micrometers by 1 micrometets) was held close to the middle of the
 tube. As the slutry travelled along the tube due to capillary action the magnetic beads wete arrested by

the magtet.

The tube was then placed under a microscope and the sample excited with 2 532 nm laser and the

intensity of the fluoresced radiation measured.

Figure 9 shows the intensity mea$urement obtained from the sample when measured by the CCD in

the system.

This experiment demonstrated that we could attest the beads and measute the intensity of the

fluorescence from the sample. -
EXAMPLE 2
Strepavadin-coated magnetic beads with a diameter of 1.05 micrometers were obtained from Dynal.

" A first gtoup of beads x;ver_e mixed with an aqueous solution Alexa Fluor 514 carboxylic acid,
succinimidyl ester (Molecular Probes) that had been biotinylated using EZ-Link Amino-PEO,-Biotin
(Pierce), and incubated in the datk overnight in a fridge (0-4 degrees C). These beads were referred to
as Beads 2. 1
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A second group of beads wete mixed with an aqueous solution Alexa Fluor 555 catboxylic acid,
succinimidyl ester (Molecular Probes) that had been biotinylated using EZ-Link Amino-PEQO,-Biotin
(Pietce) as for the first group. These beads were referred to as Beads 5.

The objective of this incubation step was to get each bead fully coated with Alexa Fluor/biotin

complex.

The bead-biotin-fluorophote complexes were then washed with five times in 1ml phosphate buffered
saline. The wash steps were cartied out using a Magnetic bead concentrator (Dynal) and the washed

beads re-suspended in a final volume of 100 microlittes.

Ten microlitres of the two groups of beads were mixed together. Ten microlitres of this mixture was
then immediately introduced into a Vitrocom glass tube. This was achieved as described above. That
is, a small neodymium magnet (5 micrometers by 1 mictometers) was held close to the middle of the
tube. As the slurry travelled along the tube due to capillary action the magnetic beads were atrested by

the magnet.

The tube was then placed under a mictoscope and the sample excited with 2 473 nm laser at 21 sections

along the tube and the ntensity of the fluoresced radiation measured.

The results are shown in Figures 10 and 11. The spectra was decomposed at each section into the
individual components. The area under each decomposed cofnponent can be calculated, effectively
giving a concentration at each point. The areé can be plotted as a function of position to give the
concentration of the entire sample. The concentration of the dye is directly propordoﬁal to the area "
under the cutve for the dye of interest. The area is propottional to the cutve peak height (for that dye).

* As we are examining ratios of concentration, the heights of the decomposed signal were measured.

The plots in Figure 10 are each representative of the readings 4t a single position along the sample
tegion; namely 500 micrometers. In the third plot of Figure 10, a small peak can be seen at about 473
nm. That represents the small amount of residual excitation radiation that was not removed by the
SMD, due to inconsistencies in the SMD’s manufacture or operation. This peak can be useful for

calibtating the system, as the wavelength corresponding to that peak is known.
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The small peak seen at the excitation wavelength is due to impetfections in the micro mirror sutrfaces as
mentioned in the paragraph above. However, the unwanted excitation light which ovetlays part of the

- main convolved spectra signal is due to impetfect imaging of the spectrometer slit upon the SMD
sutface. This arises through scattering of the slit light as it propagates via the many components
starting at the microscope and finishing at the mirror immediately before the SMD array. Lengthening

path lengths can minimise the effects of such light scattering.

Figure 11 shows the relative signal strengths of each of bead 2 and 5, at points along the length of the
sémple tegion. In this example, the beads wete saturated with fluorophores, there is no change in the
ratio of fluorescent intensity between Beads 2 and 5 along the length of the tube because the beads are
mixed homogeneously. However, when cartying out the third aspect of the invention, the flow rate of
sample, and the binding affinity of (éonstituents will be selected, so that intensity drop off does occur.
That will enable the method to be used to quantify the analyte(s).

EXAMPLE 3 — PREPARATION OF COLUMNS

Glass tubes, approximately 1.2 mm in diameter, were made from conventional Pasteur pipettes by
cutting the pipette above the flute. This allows for rapid and easy filling of the nartower part of the
tube. The dry tube was packed with a light cotton wool plug created by pushing loose cotton wool into
the tube. The final length of the plug was 1-2 mm. The column was filled with phosphate buffered
saline (PBS) buffer, 140mM NaCl and 10mM Sodium phosphate, pH 7.4 and observed for flow. Tubes

with overly compresséd plugs were rejected.

;i’he tubes were then fed with a small amount of Sephadex G-50 beads swollen in buffer. These beads
had an average diameter of 50 pm. The Sephadex bead bed was 2-3 mm in depth. Onto this bed an
aliquot of Bangs Labs diamagnetic beads (8.03 um diameter) derivatized with streptavidin on their
sutfaces was added. The diamagnetic beads occupy a depth of 6-8 mm and are drawn down into the
tube using an extetnal magnet. The diamagnetic beads wete covered with a futther 2-3 mm of
Sephadex'G-50 beads to produce the column. The Sephadex beads provide a non-fluorescent neutral (
support from which to establish the baseline for matetial adsorbed to the streptavidin-coated beads.

Solutions run through the bed by gravity.

EXAMPLE 4 - SAMPLE MEASUREMENT IN A TUBE
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: Biotin—4—ﬂuorescein, which binds to streptavidin through the biotin linkage, was used as an analyte to
detect in columns made according to Example 3. 150 uM of biotin-4-fluorescein was used. Aliquots of
0,0.25, 0.5, 0.75, 1, 2, 3 and 10 pL of stock biotin-4-fluorescein solution were made up to 10 pl. and
each sample was added to a sepatate column. The solution flowed into the column at approximately 10

pL/3 hours.k

Columns were then washed for several houts at room temperature (usually overnight) with fresh buffer.
At the completion of each run, the flute section of each of the tubes was broken off, and the 1.2 mm
tube of glass containing the column was mounted on a glass microscope slide. This slide was then
inverted on the mototized stage of an Olympus inverted fluorescence mictoscope. The stage 1is
manufactured by Mad City Labs and can move in X-Y directions with better than 1 um accuracy. The
Olympus objective is x20 oil immersion. The motorized stage allows accurate positioning along the axis
of the tube. The fluotescence profile of analyte along the éxis of the tube can readily be ascertained by

measuring the peak height of the signal at any one station.

The excitation wavelength was 473 nm, and measurements were taken at 0.5 mm intervals along the

tube. The signal generally occurs at a longer wavelength (higher nm) and is dye dependent.

Reproducibility of signal was established by moving the tube several millimetres axially and then

returning the tube to its otiginal position. This is shown in Figures 28 to 35.

Intensity was measured at six intervals for the tube containing 0.25 pL. of stock biotin-4-fluorescein
solution. The fluotescent measurement is shown in Figures 13a to 13f. The intensity of the relevant
wavelength (508.4 nm) for each interval was plotted position along tube against fluorescence, as shown

in Figure 20.

Intensity was measuted at five intervals for the tube containing 0.5 uLL of stock biotin-4-fluotescein
solution. The fluorescent measurement is shown in Figures 14a to 14e. The intensity of the relevant
wavelength (508.4 nm) for each intetval was plotted position along tube against fluorescence, as shown

in Figure 21.

Intensity was measuted at seven intervals for the tube containing 0.75 uL of stock biotin-4-fluorescein
solution. The fluorescent measutement is shown in Figutes 15a to 15g. The intensity of the relevant

wavelength (508.4 nm) for each interval was plotted position along tube against fluorescence, as shown
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-in Figure 22.

Intensity was measured at eight intetvals for the tube containing 1 uL of stock biotin-4-fluorescein
solution. The fluorescent measurement is shown in Figutres 16a to 16h The intensity of the relevant
- wavelength (508.4 nm) for each interval was plotted position along tube against fluorescence, as shown

in Figure 23.

Intensity was measured at eleven intervals for the tube containing 2 L, of stock biotin-4-fluorescein
solution. The fluorescent measurement is shown in Figures 17a to 17k. The intensity of the relevant
wavelength (508.4 nm) for each intetval was plotted position along tube against fluorescence, as shown

in Figure 24.

Intensity was measured at sixteen intetvals for the tube containing 3 uL of stock biotin-4-fluorescein
solution. The fluotescent measurement is shown in Figures 18a to 18p. The intensity of the relevant
wavelength (508.4 nm) for each intetval was plotted position along tube against fluorescence, as shown

in Figure 25.

Intensity was measured at sixteen intervals for the tube containing 10 uL, of stock biotin-4-fluorescein
solution. The fluorescent measurement is shown in Figutes 19a to 19p. The intensity of the relevant
wavelength (508.4 nm) for each interval was plotted position along tube against fluotescence, as shown

in Figure 26.

The area under each cutve was calculated and plotted as shown in Figute 27. This plot shows that the

i)eak height of the fluorescence signal is lineatly related to concentration.

The preferred embodiment system will be programmed to extract the data and petform the necessaty
calculations to determine the quantity, and preferably concentration, of the analyte. The reader is

refetred to the section entitled “Quantification of analyte in sample using radiation intensity data”.
EXAMPLE 5
The columns prepared according to example 3 can first be spiked with 1 pL of a biotin—phycoefythrin

(PE) solution. This excites at the same wavelength as biotin-4-fluorescein (488 nm laser line), but emits

at a longer wavelength. The biotin-PE will bind to the beads at the top of the column and demonstrate
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a spike of fluorescence as the column axis moves progtessively across the objéctive. A biotin-4-
fluorescein solution can then be flowed into the tube. This solution will bind to spate streptavidin
molecules, establishing 2 fluorescent profile for biotin-4-fluotescein. This experiment demonstrates the
use of an analyte spike of one colour to calibrate 2 column for a second analyte of unknown

concentration.

The preferred embodiment system will be programmed to extract the data and petform the necessary
calculations to determine the quantity, and prefetably concentration, of the analyte. The reader is

referred to the section entitled “Quantification of analyte in samplé usiﬁg radiation intensity data”.
"EXAMPLE 6 —~ PREPARATION OF TUBES

Bangs Labs diagmagnetic beads (8.03 um diametet) derivatised with streptavidin were mixed with DSB-
X biotinylated donkey anti-goat IgG (2mg/mL Invitrogen D20698) at saturating concentrations at

room temperature overnight. The antibody coated beads were then loaded into columns as described

in Example 3 above.

Five antibodies produced in goat (either anti mouse or anti rabbit) were run through these columns.

Each antibody was coupled to a different Alexa dye. The dye-antibody combination is shown below:

Alexa 546 — goat anti-mouse IgG (H & L) 2mg/ml. Invitrogen A11003

Alexa 555 — goat anti-mouse IgG (H & L) 2 mg/mL Invitrogen A21422
Alexa 568 — goat anti-mouse IgG (H & L) 2 mg/ml Invitrogeﬁ Al 1004
Alexa 594 — goat anti-mouse IgG (H & L) 2 mg/mlL Invitrogen A11005
Alexa 532 ~ goat anti-rabbit IgG (H & L) | 2 mg/ml, Invitrogerr A11009

The fluorescent emission wavelength peaks of the dyes used were 532, 546, 555, 568 and 594 nm.

These wete used at high concentrations that were to saturate the column (concentration 2tmg/mL).

The anti-goat antibodies on the column bind orﬂy antibodies produced in goat. Other proteins or

antibodies produced in other animals will not remain on the column,
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Two columns were set up for the experiment. The first column had saturating concentrations of all five
goat antibodies run through it (teferred to as Tube 3). Tube 4 had saturating concentrations of goat
antibodies labelled with Alexa dye 555 and 594 run through it.

Each tube was prepared for fluorescence microscopy as in Example 4. The same fluorescence
microscope was used. The excitation wavelength was 532 nm. Measurements were taken at 0.5 mm
intervals along the tube. The light emitted was analysed using the apparatus shown in figures 1 and 12
to provide intensities at the wavelengths emitted (with a nartow block on light of the excitation

wavelength, 532 nm).
EXAMPLE 6 - DATA ANALYSIS
The tubes were analysed using the system of Figures 1 and 12.

Silicon photo detectors including silicon CCD atrays such as the Princeton Instruments (PI) wide
aspect spectroscopic TEC cooled camera have a pixel element signal response proportional to the
intensity of the incident light p;:ovided the device is out of saturation. The height of the spectroscopic
- profile is therefore proportional to the light intensity on the photo detectdr element at the reported
wavelength. Here arbitrary units are used as the height of the spectroscopic trace vaties lineatly with

the total integration time and therefore total enetgy dose pet detection element.

lSpectt.al information was decomposed using the following method: Base or basis dyes under cover
slips are individually examined for their characteristic spectra under the laser excitation wavelength
which is to be used for the remaining expetiment. Here the laser excitation wavelength was the green
colour 532nm. The five individual base spectra for Alex Fluor dyes 532 (line 1 in Figutes 28 and 29),
546 (line 2 in Figures 28 and 29), 555 (line 3 in Figures 28 and 29), 568 (line 4 in Figutes 28 and 29),
and 594 (line 5in Figures 28 and 29) wete recorded and the trace height normalised. The laser
excitation wavelength, 532 nm; was blocked by the DMD. As the width of the 532 nm laser excitation
line was physiéally narrower than the 532 nm fluorescence emission spectrum width, sufficient data
relating to the 532 nm fluorescence spectrum was delivered to the Detectot to analyse the fluorescence,
despite the laser excitation line being blocked by the DMD. These data were then assigned within the
MATILAB decomposition softwate as the basis spectral profiles with which to decompose mixed

spectra arising from combinations of these five dyes. In addition data was acquired in the absence of
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any fluorescent dye a]loxx}ing baseline data files to be obtained for the residual excitation light emanating
from the image of the laser line on the DMD as well as scattered excitation light falling onto the active
(ditected towards the PI camera) région of the DMD. These final two data files are assigned within the
decomposition software as noise soﬁces contributing to the final mixed spectra from the various dye

combinations.

Spectroscopic data was recorded as a function of longitudinal position within tubes 3 and 4 (see
expetrimental data). Spectra were recotded at every 500 micrometers for a total traversal distance

of 0.00-7.50 mm for tube 3 (16 data collection points) 0.00-9.00 mm for tube 4 (19 data collection
points). Data was exported from the PI softwate 'Winspec' as an 8bit tif image which was then loaded
within the decomposition softwate running under MATLAB. The decomposition software reported
the contributions from each dye tllj;ough a process of fitting linear summations of the individual basis
spectra to the combined spectra. The sum of the contributions adds to 100%. Noise contributions are

temoved and the signals for the dyes were renormalised such that their sum yields 100%.

The fluotescent intensities for tube 3 showed binding of all five fluorescently labelled antibodies. Both
the antibodies used in tube 4 also showed binding. The data in Figures 28 and 29 show the percentage
intensity from each fluorescent antibody. The amount of binding was relatively constant over most of

the 9 mm length examined but became variable at the end due to problems. of column uniformity.

This expetiment shows the ability of the apparatus of the invention to determine levels of the five

fluorescent antibodies along a column.

Preferred embodiments of the invention have been desctibed by way of example onlf and -

modifications may be made theteto without depatting from the scope of the invention.

For example, the system may comptise one ot more suitable optical components between any of the
other components mentioned above. For example, the system may have one or mote reflective and/or
one or more refractive elements between any of the other components mentioned above. Additionally,
. one ot more optical fibres ma'y be used between components to enable the components to be spaced

temotely from one another.

Rather than using a diffraction grating ot prism, a concave holographic grating could receive the
teturned radiation and disperse and focus that onto the SMD. A further concave holographic grating
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configured to operate in tevetse, to focus the dispetsed specttum from the SMD onto the detector. A
small photodetector or point detector is particulatly suited to a system having a concave holographic

grating that focuses the returned radiation to be analysed from the SMD onto the detector.
Other alternatives are listed in the “Summaty of Invention” section.
Industrial Application

It will be appreciated by those skilled in the art that the systems and methods of the present invenﬁog
have many applications including genétic testing; detection, diagnosis and prognosis of medical
conditions or diseases including cancer, analysis of embtyos particularly single cell analysis of pre-
implantation human embryos at a V'ery eatly stage for in vitro fertilisation. The systems and methods of
the present invention will be patticularly advaﬁtageous where the sample size or anal}‘rte concentration

is very low.
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CLAIMS

1. An analysis system compzising:
a sample region for receipt of a sample to be analysed;

at least one source of excitation radiation; and

a wavelength-inspecific beam splitter that operatively couples the source
of excitation radiation with the sample region to deliver some of the excitation radiation from the
source of excitation radiation to 2 sample to be analysed in the sample region, the beam splitter
configured to receive returned radiation from a sample to be analysed in the sample region and to
transmit at least some of the returned radiation, wherein the returned radiation comptises residual
 excitation radiation and radiation to be analysed;

a dispersion element configured to disperse the returned radiation from the
Nsample to be analysed that has been transmitted by the beam splitter;

‘ a selectively switchable micromitror device configured to receive returned

radiation that has been dispersed by the dispetsion element; and 4 4

a detector to detect radiation that is received from the switchable
micromirror device;

whetein the switchable micromisror device is configured to remove at least
a major part of the residual excitation radiation from the returned radiation that is passed to the

detector.

2. An analysis system as claimed in claim 1, wherein the source(s) of excitation radiation is/are a

laser source.

3. An analysis system as claimed in claim 2, comprising a plurality of soutces of excitation
radiation, wherein the soutces of excitation radiation comprise a plurality of laser soutces, each of
which is configured to provide an excitation radiation with a different wavelength or a different

wavelength band.

4. An analysis system as claimed in any one of claims 1 to 3, wherein the beam splitter is

configured to reflect excitation radiation to the sample region.
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5. An analysis system as claimed in claim 4, wherein the beam splittet is conﬁgufed to reflect only
a small proportion of the excitation radiation to the sample region, and allows the majority remainder

of the excitation radiation to pass through the beam splitter.

6. An analysis system as claimed in claim 5, wherein a surface of the beam splitter is configured to

reflect between about 5% and about 15% of the excitation radiation to the sample region.

7. - An analysis system as claimed in claim 6, wherein the surface of the beam splitter 1s configured

to reflect about 10% of the incoming excitation radiation to the sample region.

8. An analysis system as claimed in claim 6 ot 7, wherein at least 2 major part of the returned
tadiation from the sample to be analysed that is delivered to the beam splitter, passes through the

sutface of the beam splitter.

9. An analysis system as claimed in claim 8, wherein about 85 to about 95% of the returned

radiation that is delivered to the beam splitter, passes through the surface of the beam splitter.

10. An analysis system as claimed in claim 9, wherein about 90% of the returned radiation that is

delivered to the beam splitter, passes through the surface of the beam splitter.

11. An analysis system as claimed in any one of claims 6 to 10, whetein the surface of the beam
splitter that reflects the excitation radiation to the sample region is a front sutface of the beam splitter,
and the beam splitter also has a rear surface that reflects and transmits in similar proportions to the

front surface.

12. An analysis system as claimed in claim 11, whetein the beam splitter is configuted so that
excitation radiation being reflected by the rear surface of the beam splitter towatd the sample region
does not significantly interfere with the excitation radiation being reflected by the front surface of the

beam splitter toward the sample region.

13. An analysis system as claimed in claim 12, whetein the beam splitter has a thickness of at least

about 2 mm.



WO 2009/082242 PCT/NZ2008/000340
61

14. An analysis system as claimed in claim 13, wherein the beam splitter has a thickness of about 10

mm.

15. An analysis system as claimed in claim 14, wherein the beam splitter is sufficiently thin that the
excitation radiation being reflected by the front and rear surface is directed to the sample in the sample-

region.

- 16. An analysis system as claimed in claitm 15, whetein the beam splittet has a thickness of between

about 60 and about 150 micrometets.

17. An analysis system as claimed in claim 16, whetein the beam splitter has a thickness of between

about 80 and about 100 micrometets.

18. An analysis system as claimed in any one of claims 1 to 17, whetein the beam splitter is made of
a material which offers substantially linear optical transmission over a range of at least about 350 nm to

about 800 nm.
19. An analysis system as claimed in claim 18, wherein the material is a glass or plastic material.

20. © An analysis system as claimed in any one of claims 1 to 19, whetein the dispersion element

comprises a concave holographic grating.

21. An analysis system as claimed in any one of claims 1 to 20, whetein the SMD has a plurality of .
columns of micromitrors and a plurality of rows of mictomitrots, and is arranged so that either each
column or each row of micromitrots, ot a plurality of adjacent columns or rows of micromitrors,
corresponds to a respective wavelength or wavelength range of the teturned radiation from the

dispetsion element.

22. An analysis system as claimed in claim 21 or claim 22, whetein the SMD is arranged so that
each column, or plurality-of adjacent columns, of micromitrors cotresponds to a respective wavelength
or wavelength range of the returned radiation from the dispersion element, and at least a major part of
the residual excitation radiation can be removed from the radiation passed to the detector by tutning

one ot motre columns of the SMD corresponding to the residual excitation radiation line.
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23. An analysis system as claimed in claim 21 ot claim 22, wherein the SMD is controlled so that
the radiation to be analysed is passed to the detector a single column at a time, or a plutality of adjacent
columns at a time, so that radiation corresponding to a single wavelength or wavelength range is passed

to the detector at a time.

24 An analysis system as claimed in claim 21, wherein the SMD is controlled to remove only the

residual excitation radiation, and to direct all of the radiation to be analysed to the detector at once.

25 An analysis system as claimed in any one of claims 1 to 24, comprising a plurality of sources of
excitation radiation, whetein the excitation radiation from each of the sources is delivered to the sample

region by the wavelength-inspecific beam splittet.

26. An analysis systemn as claimed in any one of claims 1 to 25, wherein the source(s) of excitation
radiation is/are configured to supply excitation radiation at wavelength(s) within the range of about 400

am to about 1400 nm.

27. An analysis system as claimed in claim 26, wherein the source(s) of excitation radiation is/are
configured to supply excitation radiation at wavelength(s) in the ~range of about 400 nm to about 800

nm.

28. An analysis system as claimed in any one of claims 1 to 27, wherein the system is configured to

detetmine from the radiation to be analysed that is received by the detector, analysis data relating to the
received radiation. ’

29. An analysis system as claimed in claim 28, wherein the system is configured to detetmine from

the radiation received by the detector, the quantity of one ot mote analytes in a sample.

30. An analysis system as claimed in claim 29, wherein the system is configured to quantify at least

five analytes in a sample from a single source of excitation radiation.

31. An analysis system as claimed in claim 30, wherein the system is configured to quantify twenty

analytes in a sample, from four soutces of excitation radiation.
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32. An analysis system as claimed in any one of claims 28 to 31, whetein the system comprises a

processing unit that is programmed to detetmine the quantity of one or more analytes.

33. An analysis system as claimed in any one of claims 28 to 32, wherein the system is configured to
provide a quantification measurement of an analyte in the sample, based on total intensity of the -
radiation to be analysed received by the detector at a wavélength or wavelength range, for a plurality of

points in the sample region.

34. An analysis system as claimed in any one of claitns 1 to 33, wherein the system is configured to
provide a quantification measurement of an analyte in the sample by compating the total intensity of
the radiation to be analysed received by the detector at 2 wavelength or wavelengﬁ range,
corresponding to the analyte, to the total intensity of the radiation to be analysed received by the

detector at a wavelength or wavelength range corresponding to an analyte of a known quantity.

35. An analysis system as claimed in any one of claims 1 to 34, whetein the system is configured to
provide a quantification measurement of an analyte in the sample by comparing the total intensity of
the radiation to be analysed received by the detector at a wavelength or wavelength range,

correspondjhg to the analyte to programmed factor(s) relating to the analyte.

36. A method of analysing a sample, comptising:
providing an analysis system as claimed in any one of claims 1 to 35;
positioning the sample in the sample region;
delivering excitation radiation to the sample via the wavelength-inspecific beam
splitter to generate returned radiation comprising residual excitation radiation and radiation to be
analysed; |
receiving dispersed returned radiation from the dispersion element on the
switchable micromirror device; and '
opetating the switchable micromitror device to remove at least 2 major part of the
residual excttation radiation from the returned radiation that is passed to the detector but to deliver at

least some of the radiation to be analysed to the detector.

37. A method as claimed in claim 36, whetein the sample contains one ot mote target analyte(s),

and the method comprises quantifying the target analyte(s) in the sample.
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38. A method as claimed in claim 37, wherein the sample contains five target anaiytes, and the

method comprises quantifying the five target analytes.

39. A method as claimed in claim 38, wherein the sample contains twenty target analytes, and the

method comprises quantifying the twenty target analytes.

40. A method as claimed in any one of claims 36 to 39, whetein the method compuises quantifying
an analyte in the sample by compating the total intensity of the radiation to be analysed received by the
detector at a wavelength or wavelength range cotresponding to the analyte, to the total intensity of the
radiation to be analysed teceived by the detector at a wavelength or wavelength range corresponding to

an anélyte of a known quantity.
41. A method of any one of claims 36 to 40, whetein the method comptises quantifying an analyte
in the sample by comparing the total intensity of the radiation to be analysed received by the detector at
a wavelength cotresponding to the analyte to programmed factor(s) relating to the analyte.
42. © A method of quantifying at least one target analyte in a sample, comptising:
providing a sample region for receipt of a sathple to be analysed, the sample region
comptising a group of receptors along a length of the sample region that are directly or
indirectly immobilised on a surface of the sample region;
providing an analysis system comptising a detector;

providing a sample to be analysed,

passing the sample along the length.of the sample tegion comprising receptots, wheteby a

* specific analyte in the sample, if any, binds to the receptors;

labelling the target analyte either before or aftet passing the sample along the length of the

sample region comprising teceptors;

receiving radiation from the sample region for each of a plurality of points
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along at least part of the length of the sample region or different parts of the sample region

and delivering at least some of the radiation to the detector; and

quantifying the target analyte in the sample, if any, from the radiation passed to the

detector.

43. A method as claimed in claim 42, wherein the group of receptors comprises a plurality of types
of receptor, each type of receptor being specific for a fespective tatget analyte, and at least two analytes

are quantified.

44. A method as claited in claim 42 or 43, wherein the group of receptors comptises at least three
types of receptors specific for at least three target analytes, and at least three target analytes are

quantified.

45. A method as claimed in any one of claims 42 to 44, wherein the group of receptors comptises
at least five types of receptots specific for at least five target analytes, and at least five target analytes are

quantified.

46. A method as claimed in any one of claims 43 to 45, wherein the group of receptors comptises
at least twenty types of receptors specific for at least twenty tatrget analytes, and at least twenty target

analytes are quantified.

47. A method as claimed in any one of claims 43 to 46, wherein the types of receptors are mixed

substantially homogenously along the length of the sample region.

48. A method as claimed in any one of claims 43 to 46, wherein the types of receptors have

sepatate distribution zones for each type of receptor along the length of the sample region.

49. A method as claimed in any one of claims 42 to 48, wherein the sample region comprises a

matrix with bound receptots.

50. A method as claimed in any one of claims 42 to 49, wherein the sample region comptises a

mattix of beads.
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51. A method as claimed in claim 50, wherein the beads are magnetic and are held in place by a
magnet.
52. A method as claimed in any one of claims 42 to 50, wherein the sample region is in a column.
53. A method as claimed in any one of claims 49, 50 or 52, whetein the mattix is rétained in place

by a porous substrate such as cotton wool or nylon mesh.

54. A method as claimed in any one of claims 42 to 53, wherein the receptors comprise receptors

selected from the group consisting of antqudies and nucleic acid probes.
55. A method as claimed in claim 54, whetein the nucleic acid probe is a cDNA probe.
56. A method as claimed in claim 54, whetein the receptors comprise at least one type of antibody.

57. A method of any one of claims 42 to 56, wherein the tatget analyte is a protein, peptide or

nucleic acid.

58.. A method as claimed in any one of claims 42 to 57, wherein the sample is passed along the

length of the sample region in a stepped ot indexed manner.

59. A method as claimed in any one of claims 42 to 58, wherein the amount of target analyte bound
to the group of receptors generally reduces along at least patt of the length of the sample region

. comprising receptors so that more target analyte is bound toK the sample region where the sample was
administered than at the end opposite to where the sample was administered due to the previous

binding of the analyte to the receptots.

60. A method as claimed in any one of claims 42 to 59, wherein quantifying at least one target
analyte in the sample is based on the total intensity of the radiation received by the detector at a

wavelength or wavelength range, for a plutality of points along the sample region.

61. A method as claimed in any one of claims 42 to 60, whetein the method comprises quantifying
a plurality of analytes in the sample, based on total intensity of the radiation received by the detector at

a plurality of wavelengths or wavelength ranges, for a plurality of points along the sample region.
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62. A method as claimed in any one of claims 42 to 61, whetein the at least one térget analyte is
- quantified by measuting the total intensity of the radiation received by the detector at a plurality of
wavelengths ot wavelength ranges, for a plutality of points along the sample region and across the

sample region.

63. A method as claimed in any one of claims 42 to 62, wherein the radiation received from the

sample region is light or UV light and the radiation delivered is fluorescent light or UV light.

64. A method as claimed in any one of claims 42 to 63, wherein the method includes a pre-

concentrating step, which concentrates tatget analytes within the sample before analysing such analytes.

65. A method as climed in claim 64, wherein the pre-concentrating step uses an ion exchanger to

bind analytes, which are subsequently released in a small volume.

66. A method as claimed in claim 64, whetein the ion exchanger includes a cleavable linker joining

an ionic group to a solid support.

67. A method of any one of claims 42 to 66, wherein the method comptises quantifying an analyte
in the sample by comparing the total intensity of the radiation to be analysed received by the detector at
a \izavelength cotresponding to the analyte to the total intensity of the radiation to be analysed received

by the detector at a wavelength or wavelength range corresponding to an analyte of a known quantity.

68. A method of any one of claims 42 to 67, whetein the method comptises quantifying an analyte
in the sample by comparing the total intensity of the radiation to be analysed received by the detector at

a wavelength corresponding to the analyte to programmed factor(s) relating to the analyte.

69. A method as claimed in any one of claims 42 to 68, whetein two or more analytes selected from
the group comprising protein(s), péptide(s), DNA, RNA, catbohydrate(s) and lipid(s)ate quantified
from a sample.

70.  An apparatus configured to perform the method of any one of claims 42 to 68.

71. A method as claimed in any one of claims 42 to 68, wherein the method is carried out using a

system of any one of claims 1 to 35.
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